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INTRODUCTION: 

BE ISO ^HB SUBSTASCB OP 

A l^ETTfiR TO A FHIEND. 



0£ar Sir, 

I am desired by our worthy friend, Mff 
Setstar, to give you some account of those 
young Gentlemen and La<^es whom you saw 
enter the saloon the morning you left us, and 
who came there on an adventure the most ex- 
traordinary and ihc most to be adnjired of any 
I ever knew. You may remember it wa» 
holiday-time, and these litde gentry being 
come from school, met first at lady Twilight*? 
to divert themselves j where they were so 
divided in their taste for amusements,, 
that warm debates ensued.— One proposed 
Threading the Needle, another Blind Man*s 
Buff, a third something else, &c. till at last 
Cards were mentioned. Master Telescope, 
a young gentleman of distinguished abilities, 
sat silent, and heard all with complacency and 
good temper till this diversion was proposed ; 
but than he started from his seat, and begged 
Aey woidd think of some more ismocept, 
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amusement. Playing at cards for money, 
says he, is so nearly allied to covetousness and 
cheating, that I abhor it ; and have often won- 
dered, whenlh^ve seeo people, seemingly 
of years of discretion, so far mistake them- 
selves and Jibandon common sense, as to lead 
a young gentleman, just put into jacket and 
trowsers, or a little lady in a frock dress, up 
to a gaming table, to play and bet for shillings, 
crowns, and perhaps guineas, among a circle 
of sharpers^ Parents, continued he, might 
almost as*well teach their children to thieve as 
to game : for they are kindred employments,, 
and generally terminate in the ruin of both, 
fortune and character.:— Lady Twilight,, who 
is no. friend to the modern modes of education, 
smiled at this young gentleman's remark, and 
desired him to point out some diversion him-^ 
seE 'Tis impossible for me, Madam, says 
he, to find out an amusement suitable to the 
taste of all the company po-esent,. unless I was 
perfcftly acquainted with their dispositions ? 
but were I to chuse, I should prefer thoser 
which not only divert the mind, but improve 
die understanding : and such are many of the 
diversions at the school where I anvjdaced^ 
We often play at sloam Orations, comical 
Disputes, measuring of Land and Houses, 
taking the Heights and Distances of Moun- 
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tains and Steeples, solving Problems and 
Paradoxes on Orreries, Globes, and Maps, 
and sometimes at Natural Riilosophy, which 
I think is very entertaining, and at the same 
time extremely useful ; ioc whether our know- 
ledge^ is acquired by these amusements and 
reading little books, or by serious and elabo- 
rate study,^ what is obtained will be eqvially 
serviceable ; nay, perhaps that which is acqui- 
red in the entertaining manner may have the 
advantage ; for, as it is conveyed to the mind 
with a train of pleasing ideas, it will be the 
more permanent andlasting,,.and the easier cal- 
led up by the memory to our assistance. 

Mrs. Twilight was very desirous of know- 
ing what sort of diversicxi could be made of 
Natural Philosophy: and finding her young 
visitors in the same disposition, she condudl- 
ed them to Mr. Setstar's, that they might 
have the use of proper instruments. As Mr. 
Setstar was engaged in company. Lady Twi- 
light, though nearly related to him, would not 
disturb him, but led them through the 
saloon into a private parlour, where our little 
Philosopher, at the request of her Ladyship, 
immediately opened the Lefture, without 
making idle excuses, or waiting for farther 
solicitations; which he knew would be ill 
manners.^ 




<r.,.^l^€^tu'^i^ €^n^ v?2att^^Si^L/ny(^^ 



( 5 ) 

LECTURE L 

OF MATTER AND MOTION-, 

BY Matter, my young friends, we mean 
the substance of all things, or that of which 
all bodies are composed, in whatever form or 
manner they may present themselves to our 
senses ; for this top, that ivory ball, the hill 
before us, and all thdngs yoik see, are made of 
matter differently formed. 

As to Motion, I may save myself and you 
the trouble of explaining that; for every boy 
who can whip his top or wave a fan, knows 
what motion is. 

Matter, or Body, is indiflFerent to motion 
or rest. As for example, when I whip^ my 
t<^, it runs round, otIs in motion; but when 
Heave off whipping, the top falls down, and 
is at rest. 

When a body is in motion, as much force 
is required to make it rest as was required 
while it was at rest, to put it in motion. 
Thus : Suppose a boy strikes a ball from a 
trap, and another stands close by to catch it, 
it will require as much strength or force to 
stop that ball, or put it in a state of rest^ as the 
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other gave to put it in motion ; allowing for 
the distance the two boys stand apart. 

No body or part of matter can ^ve itself 
either motion ' or rest : and therefore a body 
at rest will remain so for ever, unless it be put 
in motion by some external cause ; and a bo- 
dy in motion will move for ever, unless some 
external cause stops it. 

This seemed so absurd to Master Wilson, 
that he burst into a loud laugh. What! says 
he, shall any body tell me that my hoop or my 
top will run for ever, when I know by daily 
experience, that they drop of themselves, 
without being touched by any body? At this 
our little Philosopher was angry, and having 
requested silence ; Don't expose your igno- 
rance, Tom Wilson, for the sake of a laugh, 
says he; if you intend to go through my 
course of Philosophy, and to make yourself 
acquainted with the nature of things, you must 
prepare to hear what is more extraordinary 
than this. When you say that nothing touch- 
ed the top or the hoop, you forget the friftton 
pt rubbing against the ground they run upon, 
and the resistance they meet with from the air 
in their course, which is very considerable, 
though it has escaped your notice. Some- 
what too might be said on the gravity and 
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attraction between the top, or the hoop, and 
the earth; but that you are not yet abk to 
comprehend, and dierefix^ we shall proceed 
in our LeQure, 

A body m motion will always move on in a 
strsughtllne, unless it be turned out of it by 
some external cause. Thus, we see that a 
marble sihot upon the ice, if the surface be 
very smooth, will continue its motion in a 
strsdght Hne till it is stopt by the fiiftion of the 
ice and Mr, and the force of attraftion and 
gravitation. 

The swifineiss of motion is measured by 
distance of place, and the length of time in 
which it is performed. Thus, if a cricket- 
ball and a fiveS'-baU move each of them twenty 
yards in the same time, their motions are 
equally swift ; but if tihe fives-ball moves two 
yards white the cridcet-ball is moving one, 
then IS the motion of the fives-ball twice as 
swift as the othef * 

But the quantity of motion is measured by 
the swiftness of motion as above described, . 
and the quantity of matter moved, considered 
together. For instance: If the cricket^ball 
be equal in bulk and weight to the fives-ball, 
and move as swift, then it hath an equal quan* 
tity ef motion* But if the cricket-baU b€f 
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twice as big and heavy as the fives-ball, and 
yet moves equally swift, it hath double the 
quantity of motion ; and so in proportion. 
^ All bodies have a natural tendency, attrac- 
tion, or gravitation towards each other. Here 
Tom Wilson, again laughing, told the com- 
pany that Philosophy was made up of nothing 
but hard words. — That is because you have 
not sense enough to enquire into, and retain 
the signification of words, says our Philoso- 
pher. All words, continued he, are difficult 
till they are explained ; and when that is done, 
we shall find that gravity or gravitation will be 
as easily understood as praise or commendati- 
on; and attradlion as easily as corredlion, 
which you deserve, Tom Wilson, for your 
impertinence. 

Gravity, my young fiiends, is that univer- 
sal disposition of matter which inclines or 
carries the lesser part towardsthe centre of the 
greater part, which is called weight or gravita- 
tion in the lesser body, but attraftion in the 
greater, because it draws, as it were, the les- 
ser body to it — Thus, all bodies in or near 
the earth's surface have a tendency, or seem- 
ing inclination, to descend towards its niiddle 
part or centre ; and but for this principle in 
nature^ the earth (considering its form and 
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situation in the universe) could not subsist 
as it is, for we all suppose the earth to be 
nearly round (nay, we are sure it is so, for 
Captain Cook, and many other navigators, 
you know, have sailed round it) ; and as it is 
suspended in such a mighty void or space, 
and always in motion, what should hinder 
the stones, water, and other parts of matter 
falling from the surface, but the almighty arm 
of God, or this principle or universal law in 
nature, of attraftion and gravitation, which 
he has established to keep the universe in or- 
der.— To illustrate and explain what I have 
said, let us suppose the following figure to be 
die earth and seas: let Tom Wilson stand at 
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this point of the globe of eartli, where we are, 
and Harry Thomson at the opposite part of 
the earth, with his feet (as they must be) to- 
wards us: if Tom drop an orange out of his 
hand, it will fall down towards H^rry: and if 
Harry drop an orange, it will fall seemingly 
upwards (if I inay so express myself) towards 
Tom : and if tliese oranges had weight and 
power sufficient to displace the other particles 
of matter, ofwhich the earth is composed, so 
as to make way to the centre, they would there 
unite together, and remain fixed : and they 
would then lose their power of gravitation, as 
being at the centre of gravity and unable to 
fall, and only retain in themselves the power 
^fattraftion* 

This occasioned a general laugh; and Tom 
Wilson starting up, asked how Master 
Thompson was to stand with his feet up- 
wiards, as here represented, without having 
any thing to support his head? Have pati- 
ence, says the little Philosopher, and I will 
tell you ; but pray behave with good manners, 
Master Wilson, and don't laugh at every 
thing you cannot comprehend. This difficul- • 
ty is solved; and all the seeming confusion 
which you apprehend of bodies flying off from 
each other is removed, by means of this at* 
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traction and gravitation. Ask any of the 
sailors who have been round the world, and 
they will tell you that the people on the part 
of the globe over against us, do not walk upon 
their heads, though the earth is round; and 
though their heels are opposite ours, they are 
in no more danger of falling into the mighty 
space beneath them, than we are of falling 
(or rather rising, I must call it here) up to the 
moon or the stars. 

But besides this general law of attraction 
and gravitation, which affects all bodies equal- 
ly 8ild ^i^iyersal'y, there are particular bodies 
that attract and repel each other, as may be 
seen by this Magnet or Loadstone, which has 
the property of attracting or bringing iron to it 
with one end, and repelling or forcing it away 
with the other. My knife, says Sam Jones, 
which was rubbed on a loadstone some years 
ago, still retains the power ofpickingupnee- 
dies and small pieces of iron. 

But this, says Master Telescope, is but a 
small part of the^irtues of the Loadstone; for 
until its use was discovered, sailors never 
ventured with their ships out of sight of land. 
You certainly joke Sir, says Harry Thomp- 
son, for it is impossible that a piece of iron 
like that can be of any service in navigating 
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tliose large ships I saw some time ago- I am 
sorry, replies our Philosopher, that you, like 
most ignorant people, should think all things 
Avhich you do not know the cause of impossi- 
ble; but I will soon prove to you, that it is 
very simple. They first procure a pdece of 
steel, made something like a needle, but flat, 
about four inches long : this they rub with the 
Loadstone, and then balance it exactly on two 
points or pivets, so that it may turn round 
freely. One of the ends of the needle thus 
b:ilanced, will always point towards the north* 
This needle, whenj)ut in a box, is called the 

mariner's cotnpass* Thus the sailors can 
steer to any part of the world ; which they 
could not do without the help of this piece cf 
iron. 

When bodies are so attracted by each other 
as to be united ot brought into close contact, 
they then adhere or cohere together, so as not 
to be easily separated : and this is called in 
Philosophy, the Power of Cohesion, and is 
undoubtedly that principle which binds large 
bodies together; fw all large bodies are made 
up of atoms or particles inconceiveably small. 
And this cohesion will be always^ prc^ortion- 
ed to the number of particles cwr quantity of the 
surface of bodies that come into contact > or 
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touch each other ; for those bodies which arc 
of a spherical form will not adhere so strongly 
as those that are flat or square, because they 
can only touch each other at a certain point ; 
and this is the reason why the particles ctf 
water and quicksilver, which are globular or 
round, are so easily separated with a touchy 
while those of metals and some other bodies, 
are not to be parted but with great force. To 
give a familiar instance of this cohesion of 
matter, our Philosopher took two leaden balls^ 
and filing a part off each, so that the two flat 
parts might come into close contact, he gently 
pressed them together, and they united so 
firmly, that it required some considerable 
force to get them asunder. 

The same force applied to two different bo- 
dies will always produce the same quantity of 
motion in each of them. To prove this, we 
put Master Jones into a boat, which (inclu- 
ding his own weight) weighed ten hundred, 
on the Thames by the Mill-bank ; and on the 
Lambeth side, just opposite, we placed ano. 
ther boat ofone hundred weight, with a rope 
tied to it. This rope Master Jones pulled in 
the other boat; and we observed, that as the 
boats approached each other, the small boat 
moved ten feet for every foot the other moved : 
B % 
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wliich proves what I have before observed as 
to tlie quantity of motion. 

Attraction is the stronger the nearer the 
attracting bodies are to each other; and in 
different distances of the same bodies it de- 
creases as the squares of the distances between . 
the centres of those bodies increase. For if 
two bodies at a given distance attract each 
other widi a certain force, at half the distance 
they will attract each other with four tknes 
that force. 
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LECTURE IL 

OF THE tJNIVEUSE, AND J»ARTICULARLT 
4 OF THE SOLAR SYSTEK. 

THE last Lcfture was read at Mr. Set- 
star's, who was so well pleased at thesfe young 
gentlemen meeting thus to improve them- 
selves, that he ordered tliem to be elegantly- 
treated with tarts, sweetmeats, syllabubs, and 
such other dainties as he thought were most 
proper for youth : his Lady did them the ho- 
xiour of her company, and was particularly 
pleased with the, conversation of Master Tele- 
scope. As it was a moonlight night, Mrs. 
Setstar, after supper, led them to the top of 
•the mansion, where there was an observatory^ 
furnished with aUthe instruments necessary 
for astronomical and philosoplucal dbservati-^ 
ons. When the company were seated, our 
Philosopher thus began his second Ledlure. 

Lode round, ray dear friends, said he; you 
see the earth seems to be bounded at an equal 
distance from us every way, and appears to 
meet the sky which forms this beautiful arch 
or concave over our heads* *' The Heavens 



16 Of the Unhene. 

declare the glory of God, and the firmament 
sheweth his handjr work," as the Psalmist 
beautifully expresses it. Now that distant 
round where we lose sight of the earth, is 
called the horizon ; and when the sun, moon, 
and stars emerge from beneath and come into 
our sight, we say they are risen, or got above 
the horizon; for all this glorious canopy be- 
spangled with lights that bedeck the Sky and 
iUuniinate die Earth, as the Sun, the Fixed 
Stars, the Comets, and Planets (to which 
last our Earth and Moon belong) have all 
apparent motion, as may be perceived by the 
naked eye ; though, in faft, none move but 
the planets and comets; as will be proved 
hereafter. 

But besides the stars which we see, there 
are others not discernible by the naked eye, 
some of which are fixed stars, and some are 
bodies moving about the most distant planets, 
which were invisible and unknown to us 
before the discovery of Telescopes. 

Pray hand me thatReflefting Telescope. 

The young Philosopher taking it, and 
placing it upon the table, gave &e folloipog 
. description : 
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This Telescope, from its c(»istruction, 
magnifies more than any other kind. It 
contains, within side, two metallic specu- 
lums, a large and a small one. These, with 
two glasses contained in the small tube, mark- 
ed B, serve so to reflect and refract the rays 
of light issuing from tlie objeft, as to shew 
them under a magnified appearance. In using 
the Telescope, to adjust it exactly to your 
sight, you turn the long screw C on the side, 
while your eye is looking through atB, and 
the end A turned towards the object, till yoa 
can see the object you want to examine in the 
most perfect manner. 
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In the Refracting Telescope, which consits 



of glasses only, distant objefts also seem to 
be both magnified and brought nearer to the 
sight The large end must be placed point- 
ing toward any distant object which we wish 
to see more distin6tly. In the other end is a 
tube which slides within the Telescope^ and 
is adjusted to the proper distance by gently 
drawing it outwards. Now, if you look 
through the glass at the end of this tube, to 
that part of the heavens to which I have point- 
ed it, or indeed any other part, you will 
perceive more stars than you saw before with 
yoiu- eye alone. These are fixed stars, and 
are called fixed, because they always -keep 
the same distance firom each other, and the 
same distance from the sun, whjch is also 
fixed; and were he placed at the immense 
distance they are at, woijjd probably appear 
no bigger than one of them, — ^Hence some 
philosophers have concluded, and I think not 
without reason, that every fixed star is a sun 
that has a system of planets revolving round 
it, like our solar system. And if so, how 
immensely great, how wonderfully glorious 
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is the stni6\iire of this universe, which con- 
tains many thousand worlds, large -as ours, 
suspended in aether, rolling, like the earth, 
round their several suns, and filled with ani- 
mals, plants, and minerals, all perhaps differ- 
ent firom ours, but all intended to magnify the 
Almighty Architect; " who weighed the 
mountains in his golden scales, who measured 
the ocean in the hollow of his hand, who drew 
out the heavens as a curtain, whomaketh the 
clouds his chariot, and walketh on the wings 
of the wind." 

The fervor and air of piety with which he 
delivered this, silenced all his companions, 
and gave infinite satisfaction to Mrs. Setstan 
Master Wilson, who had before been very 
impertinent, began now to consider himself a 
. fi)ol in comparison to our Philosopher : and as 
Master Telescope had mentioned the solar 
system^ he begged that he would explain it to 
iiini. 

That I will with pleasure, replied the Philo- 
sopher, if you will be kind enough to hand 
me that Orrery that is in the comer of the 
observatory, and place it on the table; but 
first let me observe to you, that of these hea- 
venly bodies some are luminous, and lend us 
fheir own light, as doth the Sun and Fixed 
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Stars; while others are opaque and have no 
light of their own to give us,, but reflect to us 
a part of the light they receive from the sun. 
This is particularly the case With respect to 
the planets and comets of our solar systiem, 
which all give us a portion of the light they 
have received, and we in return reflect to 
them a portion of ours : for I make no doubt 
but those who inhabit the moon have as much 
of the sun's light reflected to them from Our 
earth, as we have reflected to us from the 
moon. 

^ The inhabitants of the moon ! says Master 
Lovelace, with some emotion; whither will 
you lead me ? What ! are the stories that 
have been told of the Man in the Moon, then, 
true? 

I don't know what stories you have heard, 
replied the Philosopher ; but it is no e^ttrava- 
gant corgepture to suppose that the moon is 
inhabited as well as the earth ; though what 
sort of inhabitants they are, we on eafdi are 
unable to discover. As to my part, I am lost 
in this boundless abyss.' It appears to me 
that the sun, which gives life to the world, is 
only a beam of the glory of God, and the air 
which supports that life, is, as it were, the 
breath of his nostrils. 
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Do Aou, O God! suppcMl: me while I 
gaze with astonishment at thy wonderful pro- 
ductions; since it is not idle impertinent cu- 
riosity that leads me to tfiis enquiry, but a 
fervent desire to see only the skirts of thy 
gtory, that I may magmfy thy power and thy 
mercy to mankind. 
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OF THE SOLAR SYSTEM. 

NOW, by means <rf this Orrery, I will 
illustrate our Solar System; which contains 
the sun (marked a) in the centre, and the 
planets and comets moving about it, 

/ db a c ^ g 




But how is it then, says Tom Wilspn, that 
we daily see the sun rise and set ? 

Your question, replies Master Telescope, 
is very natural ; for it was an qpinion held by 
the ancients some thousands of years, that the 
earth was the centre of the Universe, and the 
sun and planets rcvolvedround it ; but I think 
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this is easily refuted by a common occurrence 
in akifchen ; I mean a small bird roasting on 
a spit before a large fire. Would not you 
think it very absurd if the cook should endea- 
vour to make the grate with a lange fire move 
round the small bird on the spit ? 

Certainly I should, answers Tom Wilson? 
for surely it would be better for the bird to 
turn roimd before the fire,^ than the fire to 
turn roimd the bird^ 

Very well, then, says our philosopher, the 
sun being more than a million times larger 
than our earth, we have certainly reason to 
believe that it is the centre of our system, and 
the earth and other planets move round it. 
But you will understand this better if you 
look at the plate I have drawn of the sun and 
the planctSy in their several orbits or circles, 
with their respeftive distances from the sim, 
and firom each other ; together with the orbit 
of a comet. 

The planets, as I have already dbserved, 
are bodies that appear like stars, but are 
opaque ; that is, tiiey have no li^t in them- 
selves, but receive it fi-om the sun and refleft 
it upon us. Of these there iare two kinds: 
the one called Primary, and the other Secon- 
dary planets. 
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Tliere are seven primary planets ; and these 
are marked on the Orrery as follows : Mercu- 
ry^, Venus (:, the Earths?; Mars*?, Jupiter/, 
Saturn ^, and the Georgium Sidus (which 
being of such recent discovery, isnotrepre- 
sented in this OrreryO The last of these 
was discovered only a few years since by Dr. 
Herschel, and called by him, out of re^eft 
to his present majesty king George III. the 
Georgium Sidus. or Georgian. AU which 
move round the sun, as you see by my tujn- 
ing the winch of the Orrery; whereas the 
secondary planets move round other planets, 
-—The Moon, you know (which is one of the 
secondary planets) moves round the Earth; 
four moonS| or satellites, as they are frequent- 
ly called, move round Jupiter; five round 
Saturn ; and only two have yet been discover- 
ed to move round the Georgian; though we 
have great reason to believe there are more ; 
but from the immense distance of that planet, 
we have not yet perceived theni. Thus has 
the Almighty provided light for those regions 
that lie at such an immense distance from the 
sun. 

I have here made out a table of the periods, 
distances, and diameters of the several pla- 
nets. 
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They all move round the sun from west to 
east; but in tlieir progress do not describe a 
perfeft circle, but an Orbit a little inclining to 
2U1 oval ; the reason whereof I shall give yoa 
in a future Lefture. 

The knowledge we have of comets is very 
imperfect; it is a general supposition that 
they are planetary bodies fornyng a part of 
our system, for tliey revolve about the sun 
in extremely longelliptic curves,, being some- 
times very near it, at others extending fer be- 
yond the sphere of the Georgian.. The period 
in revolving about the sun, of one which ap- 
peared in 1680, is computed to be $75 years.. 

But let us quit these bodies, of which we 
know so little, and speak of our old compani- 
on the Moon, with whom- we ought to be 
better acquainted ^ since she not only lights 
us home in the night, but lends her aid to get 
our ships out of tlie docks, and to bring in and 
C a 
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carry out our merchandize ; for without the 
assistance of Lady Luna you would have no 
tides. But more of this hereafter.— A little 
more now, if you please, says Tom Wilson^ 
What tl^cuj does the mocm pour down water 
to occasion the tides ? I am at a loss to under- 
stand you. No, replied our philosopher, the 
moon does not pour down water to occasion 
the tides ; tliat were impossible : but she, by 
attracting the waters of the sea, raises &em 
higher ; and that is the reas<m why the tides 
are always governed by the moon. 

The Moon's diameter is ^,160 milesr her 
distance fix)m.the earth k 240 thousand miles; 
she moves round it in the same m^iner as the 
earth does round Ac sun,- she performs her 
synodieal motion, as it is called, in 29 days,. 
12 hours, and 44 minutes, though the peri- 
odical is 27 days, r hours, and 43 minutes,. 
By this motion of the mo(Mi are occasioned the 
eclipses of the srai: and moon, and the diflfer- 
ent appearances, aspects, or phases she at 
difierent times puts on t for when the earth is 
so situated between the sun andthemoon^ 
that we see all her enlightened p8»ts, it is Full 
Mocm; when the moon is so i^tuated between 
the sun and the earth, that her enlightened 
parts are hid or turned fix)m us, it is New 
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Moon; and when her ^tuation k such that 
only a portion of her enlightened part is hid 
fix>m us, we see a Homed Moon, a Half 
Moon, or a Gibbous Moon, acc(»xling to the 
quantity of the enlightened part we can per- 
ceive.. 

But I win endeavour to expkm this to you 
more clearly, says our philosopher, taking an 
ivory ball suspended by a stringy in Ms hand; 
we will suppose this ball ta be the xnocHi, the 
candle the sun, and my head the earth. When 
I place the. ivory ball in a direct line betwixt- 
my eye and the candle, it appears all dark,, 
because tht enlightened part i& opposite, the 
candle ; but if I move die ball alitde to the 
idght, I parceive a streak ef light, which is 
like the New Moon;: if the ball k moved 
further it presents the. appearance of a Half 
Moon; move it still forther, until idl the en- 
lightened part is seen, it appears like a Full 
Moon. 

I think it is extraordinary, says Tom Wil- 
son, diat the Moon which you say is .so much 
smaller than the Sun, should appear to our 
sight equaUy large. 

That is easily explained, replied our Hiilo- 
sopher, for if you. consider dial the sun is at 
400 times a greater dfetance from us than the 
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moon, your objection is answered; but this 
I will explain farther in treating of Eclipses* 

I have frequently observed, says Master 
Lovelace, that the moon appears much larger 
when just rising above the horizon, than she 
does afterwards; I should like to know the 
cause of that. I thank you for your observa- 
tion, Sir, replies our Philosopher; it Is occa- 
sioned by the fogs or exalations that arise 
from the earth, which always magni^ objects 
seen through them; thus the moon, until 
she rises above these fogs, always appears 
larger. 

The total or longest eclipse of the moon^ 
happens when the earth iisdirectly between the 
sun and the moon, and prevents the light of 
the sun from felling upon and being reflefted 
by the moon ; as you \nll understand by look- 
ing at the figure I have here drawn.. 
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We will suppose the candle a to be the 
Sun; the cricket-ball b^ to be the Earth; and 
the fives-ball^, to be the Moon. A string 
bein^ tied to each <rfthe bdls, 1 tie them up 
to Ae ceiling, or any other support, in a di- 
rect line from the light of the candle ; the 
cricket-ball about eight inches from the can- 
die, and the fives-ball about two inches from 
the cricket-balL Whenever the earth and 
moon come in the position of these balls, a 
total eclipse of the moon ensues; because the 
light of the candle (or sun) shining on the 
cricket-ball (or the earth) totally obscures or 
eclipses the fives-ball (or the moon) ; but if 
we move the fives-ball a litde higher up, or 
lower down, so that the light from the candle 
may pass by the cricket-bdl,^ it will of course 
be only partially eclipsed. 

An Eclipse of the Sun is occasioned by the 
moon's being betwixt the sim and the earth, 
and preventing the light of the sun from com- 
ing to that part of the earth we inliabit. 

This may Be explained by changing the 
places of the balls; for when the fives-ball 
is placed between the cricket-ball and 
the candle, it will shew a total eclipse 
ofthesmi; but if the cricket-ball is moved 
a small degree higher up or lower down, 
so that the light from the candle shines 
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a little upon it, it will shew only a partial 
eclipse. 

But I should be glad to be informed, says 
Master Lovelace, how the sun which is so 
much larger than the moon, can be totally 
eclipsed from our sight, by the moon coming 
betwixt us and it I 

That is what I intended to explain to you, 
replied Master Telescope* If you place your 
cricket-ball in a direct line between your eye 
and the sun, it will entirely hinder you from 
seeing it, although your ball is much sn^er 
than the sim. 

An eclipse of the sun never happens but at 
new moon ; nor one oS the moon but whea 
she is at the frills 
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The Moon consits of Mountains and Val- 
lies, not unlike our Earth, and appears very- 
beautiful when seen through the Telescope I 
shewed you some time ago. 

The livid spots and bright streaks of light 
are supposed to be the mountainous parts; 
and the same parts being constantly turned 
towards the earthy she always presents the 
same sWe to us. The dark parts were form- 
erly imagined to be seas; but from later ob- 
servation it is proved, that they arc hollow 
places or caverns, which do not reflect tlie 
light of the sun. 

The Earth, by its revolution about the sun 
in 365 days, 5 hours, and 49 minutes, mea- 
sures oiit that jspace of time which we call a 
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Year ; and the line described by the earth in 
this annual revolution about the ^un, is called 
the Ecliptic. By an inspection of this Aimil- 
lary Sphere you will have a perfisct idea of 
this and other circles necessary to be known. 

The annual motion of the earth round the 
sun is from west to east, or, to speak more 
philosophically, it is according to the order of 
the signs of the Zodiac; which we shall here- 
after explmn. 

But besides this somusd modon oc revoluti- 
on about the sun in the line of ^ £clH>tic, 
the earth turns roimd upon its own axis in 
about 24 hours; so that it hath two motions 
at one and the same time. 

Mrs. Setstar, whose curiosity had kept 
her there during the Lefihire, desired to have 
this explained. — That shaU be done. Madam, 
in a minute, says the litde philosopher; and I 
can never have a better oi^portunity ; for I 
see Mr. Galaxy coming ana visit to your La- 
dy^p ; his coach is just entering the iron 
gates, and will presently wheel round the cir- 
cle, or rather ovd, before the portico. Pray, 
Madam, fix your eyes on one of the wheels 
(which you may do as it 13 moc»i-light) and 
you will perceive it turn round upon its own 
axisi at the same time that it runs round the 
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oval before the house. This double motion 
of the wheel very fitly represents the two mo- 
tions of the earth. 
By means of this Terrestrial Globe I shall 




explain more interesting astronomical princi- 
ples. 

Your Ladyship knows perfectly that the 
earth, turning on its own axis, makes the dif- ^ 
ference of the day and night ; you will tliere- 
fore give me leave. Madam, to address my 
discourse to these young gentlemen and la- 
dies, who may be ignorant of this branch of 
philosophy. 

D 
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That the turning of the earth on its own 
axis, makes the difference of day and night is 
most certain : for in those parts of the earth 
which are turned toward the sun it will be 
day ; and of course it must be night in those 
which are turned from it. 

But the length of days and nights, and the 
variations of the seasons, are occasioned by 
Ae annual revolution of the earth about the 
sun in the Ecliptic ; for, as the earth in this 
coiu-se keeps its axis equally inclined every- 
where to the plane of the ecliptic and parallel 
to itself, the earth in this direction has some- 
times one of its poles nearest the sun, and 
sometimes the other. Hence heat and cold, 
summer and winter, and length of days and 
nights. Yet notwithstanding these efie^ls of 
of the sun, which gives us light and heat, his 
distance from us is so great, that a cannon- 
ball would be twenty-five years coming from 
thence to the earth, even if it flew with the . 
same velocity as it does when it is first dis- 
charged from the mouth of a cannon. 

Here they were all amazed ; and Lady Car- 
oline said this do6lrine could not be true ; for 
if the sun were at that immense distance, his 
light could not reach us every morning in the 
manner it does. I beg your pardon, Madam^ 
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replied the philosopher, your Lady ship*s mis- 
take arises froiti your not knowing, or at least 
not considering the amazing velocity of light, 
which although coming from the sun, which 
is more tlian 95 millions of miles distance, 
reaches us in the space of seven minutes and 
a half, it must in consequence travel at the 
rate of about 212,000 miles in one second of 
time. 

But if you are so surprised at the sun's dis- 
tance. Madam, what think you of the fixed 
.stars, which are so far remote fi'om us, that a 
cannon-ball, flying with the same velocity as 
when first discharged, would be roo,ooo 
years in coming to the earth ? Yet maily of 
these stars are seen even without the use of 
telescopes. 

There are other things obserrable in our 
Solar System, which, if attended to, w^ill 
excite our admiration: such as the dark 
spots which are seen on the Sun's surface, and 
which often change their place, mimber, and 
magnitude. Such also is tlie amazing Ring 
which encompasses the body of the planet Sa 
turn : and such are the belts that gird the bo- 
dy (rf Jupiter : — cohcerning all which there aire 
various conjectures ; but coiyectures in phi^ 
. tosophy are rarely to be admitted. 
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LECTURE IIL 

OF THE AIR, ATMOSPHERE, AND 
METEORS. 

WHAT was said by Mrs. Galaxy anff 
Lady Caroline in favour of Master Telescope, 
excited Mr. Galaxy's curiosity to see hitn ; 
and the next morning he came into the Obser- 
vatory just as the Lefture began. The pre- 
sence of so great a personage put the young 
gentlemen into some confusion, and several 
of them offered to go away ; which Mr. G. ob- 
serving, prevented by stepping into the next 
room ; and Master Telescope took this oppor- 
timity to correal their folly. 

Gentlemen, says he, I am amazed at your 
meanness and ill manners. What ! because 
the gentleman does you the honour of a visit, 
will you run away from him ? — There is no- 
thing betrays a. mean spirit and low education 
60 much as this ridiculous awe and dread 
which some people shew in the company of 
their superiors : and besides, it is trouble- 
some ; for the uneasiness one person is in, 
communicates itself to the rest of the compa- 
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-igr, and abricfees them of a porticm of their 
pleasuire. The easier you appear in tlie com- 

. pany of the great, tlie more polite you will be 
esteemed. None but a clown hangs down his 
head, and hides his fa6e ; for a gentleman al- 
ways looks in the face of his superior when he 
talks to him, and behaves ^vith cpeness and 
freedom.. I veneriite Mr. Galaxy for His vir- 
tues and amiable chai^cter,^ as highly aj> any 
of you;, and this inclines me to u»/5i6 for his 
company, rather tlian to avoid it. Fortune, 
and wliat the Vrorid ridiculously calls high- 
birth, are merely accidental, and may often 
be found in persons 6f the most worthless de- 
scription ; whilst on the other hand, we some- 
times find in persons of mean parentage, (as 
it is called) and without any of the tnisel of 
fortune, those amiable virtues, and that no-- 
ble^ess of soul, which justly claim oiir high- 
est veneration and esteem.. 

This reproof, anddiese remarks hadtheii^ 
(^oper effect ; for they all sat down, and Mr. 
Galaxy having returned, accompanied by his 
Lady, our philosc^her began, his lecture on> 
the nature and properties of the air, atmos- 
phere, and m^teofs contained therein. 

We have already considered the Earth ^s a 
planet, says he, and observed its diurnal and 
D 2 
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annual motion ; we are now to speak of the 
materials of which it is composed, and of the 
Atmosphere, and the Meteors that surround 
and attend it. 

In order to explam these efiectually, says 
Mr. Galaxy, you should, I think, Sir, begin 
with an account of the first principles of the 
four Elements, which are Fire, Air, Earth and ] 
Water, and then to shew how they affect each 
other, and by their mutual aid give motion, 
life and spirit to all things ; for without fire, 
the water would assume a diflferent form, and 
become soUd ice; without water, the fire 
would scorch up the earth, and destroy both 
animals and plante; without air, the fire per- 
haps would be unable to execute its office ; 
nor without air ^ could the water, though exha- 
led by the sun into clouds, bedijstributed over 
the earth for the nourishment of plants and > 

animals. Nor is the earth inaftive, but lends / 
her aid to the other elements ; for she, by 
refledling the sun's beams, occasions that 
warmth which nourishes all things on hersur-* 
face; but which would be very inconsider- 
able and scarcely felt, if a man was placed on 
the highest mountain, above the common le- 
vel of the earth, and in such a situation as to 
be deprived of her reflection. 
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All this, Sir, I have considered, replied the 
Philosopher; and had thoughts of carrying 
itferther, and shewing how those elements 
pervade and are become indeed constituent 
parts of the same body ; for Fire, Air, Earth^^ 
and Water, are to be drawn even from a dry 
stick of wood. That two sticks rubbed vio- 
lently together will produce fire, is very well 
known; for coach or waggon- wheel* fre- 
quentlytake fire when not properly clouted 
with iron, and supplied with grease ; and if 
pieces of wood, seemingly dry, be put into a 
glass retort over a furnace,^ you'll obtain both 
air and water ; and then if you bum the wood 
to ashes, and wash out the salts with water, 
as the good women do when they make lye^ 
the remaining part will be pure earth: and 
thus we can at any time draw the four ele- 
ments out of a stick of wood. But as these 
speculations are above the comprehension of 
some of the young genttemen whom I have 
the honour to instruft, I shall defer the consi^ 
deration of such minute and and absruse mat- 
ters till another opportunity. Science is to be 
taughtas we teach children the use of their legs ; 
they are at first shewn how to stand alone ; 
after this, they are taught to walk with safety, 
and then suffered to run as fast as they please : 



40^ Of the Jir^ Atmo$pbei^e^ ©t. 

atid 1 beg you will be so good as to pfehifiif me 
to pursue this method in the c<Hirise of my 
Lectures. Mr. Galaxy gave his assent with 
a nod ; and out jJiilosopher thus proceeded : 
The Air is a light, thin, elastic or 5g>ringy 
body, which may be fclt^ but not seen ; it is 
fluid, and runs in a current like water (as yoti 
may perceive by opening the window;) but 
it cannot, like water, be congealed into ice ; 
and the Atmosphere is that great body or 
shell of air which surrounds the esffth, and 
which reaches many miles above its surface, 
as is known by considering tiie elasticity or 
springiness of the air and its weight together ; 
for a column of air is of equal weight with a 
clumn of quicksilver <rf between 29 and 30 
inches high. Now quicksilver being near 
four times heavier than water^ if the Air was 
as heavy as water, the Atmosphere would be 
about fourteen times higher than the colunm 
of quicksilver, or about 34 feet ; but the Air 
is near l6oo times lighter than water; there- 
fore tlie Atmosphere must be many miles 
high, even at tliis rate of computing. And 
when with this you consider the eksticitj^ of 
tlie Air, which, when the pressure of die in- 
cumbent Atmosphere is taken oflF, wU dilate 
itaelfsoas to fill more than 1.50 times the 
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9ace it occupied before, you will perceive 
that the height of the Atmosphere must be ve- 
ry great. For as the Axb is a springy body, 
that part next the earth must be more densfe 
.than the upper part, as being pressed 
down by the air above it. Look at that hay- 
Stack yonder, which the groom is cutting, 
and you'll perceive that the hay at the bottom 
is much closer and harder to cut than that at 
the top, because it has been pressed into a less 
space than it otherwise would have occupied, 
by the other hay above it ; and had ^ot the 
whole stack been trodden and pressed dowQ 
by the men who made it, the difference 
would have been still more considerable. 

The air, however, even near the earth, is 
not always in the same state. It is sometimes 
-rarefied^ and becomes lighter than at other 
times, as apears by the quicksilver's felling in 
the barometer, and the rains descending on the 
earth. 
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It may be acceptable 
here, says the young Philo- 
sdpher, to explain the con- 
struftion of that triple wea- 
ther-glass that I see hang- 
ing up before me. ,So 
walking up to it, he descri- 
bed it in the following man- 
ner : The uppermost in- 
strument contained in the 
round brass box, is called 
the Hygrometer, (marked 
a). It consist$ of a brass 
plate, divided into degrees 
both ways, right and left, 
from o to 1 go. To the left 
i$ engraved Moist, and to 
the right Dry. In the cen- 
tre of the plite is fixed the 
beard of a wild oat, with a 
piece of straw glued to it, 
as an index. The Index is first set to o^the 
divisions, so that any change of the air which 
happens afterwards in the room to Moist or 
Dry, the beard by twisting or untwisting it- 
self from the aftion of the air, will by the in-, 
dex point it out accordingly on the scale^ 
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The open square part next below, is called 
Ae Barometer, (marked^). It cc»isists of a 
g^ass tube about S2 inches long, closed at the 
t6p, first filled with quicksilver, and dien in* 
verted on areservior, or leather bag below, of 
quicksilver. By this means the quicksilver in 
the tube subsides to its proper height, as a6led 
upon by the pressure of the air, or atmos- 
phere ; for it is the dense state, or Heaviness of 
the air, that raises the quicksilver in the bar- 
ometer, and prevents the clouds firom distilling^ 
through the air in rain ; and, on the contrary, 
its lightness that admits the fall in show- 
ers, &c. 

Barometers are also used to determine the 
heights of mountains, &c. because as we as- 
cend, the quicksilver rises in proportion ; the 
weight of the atmosphere which presses on it 
being less. 

But what is llie use of that screw at the bot- 
tom of the instrument ? says Master Wilson.. 
I thank you for the question, says the PhUoso- 
sopher ; for many a young ignoramus has to- 
tally spoiled a good barometer, by foolishly 
playing with that screw till they forced it up, 
broke the bag, and let out all the quicksilver. 
Let it be particularly known, that this screw 
is only provided by the instrument-maker, to 
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force tip the quicksilver in its tube in a gentfe 
.manner, so that in conveying the instrument 
into the country or abroad, it is thus made 
quite pOTtable, and not liable to have the tube 
broken by the concussion of the quicksilver 
against the top of the tube. The next instru- 
ment below is called the Thermometer 
(marked c). It x:ontains a long glass tube, 
partly filled with quicksilver, and screwed 
down to a brass scale, on which are marked 
divisions and terms of various degrees of heat 
and cold, from boiling water down to freez- 
ing, found and adjustedbyaSlual trial of tlie 
maker. The freezing point is marked 32, and 
the boiling water 212. This is called Fahren- 
heit's Scale, as being the name of the inven- 
tor. TJie heat of the air expands the quick- 
silver in the ball ; and it accordingly rises in 
the tube ; whereas, on the contrary, cold con- 
tra6ls the quicksilver, and it of course falls, 
so that at any time by mere inspedlion, the 
change of the temperature of the air is immedi- 
ately shewn. 

The elastic principle in the air, which ren- 
dersitso capable of being rarefied and con- 
densed, has been productive of the most won- 
derful efiefts. But before you proceed fir- 
ther, says Lady Caroline, pray do me the fe- 
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Vour, Sir^ to convince me, by some experk 
ment, thitt the air is endowed with this won- 
derfiil quality. — That he cannot do, replied, 
Mr. Setstar, without the use of proper instru- 
ments. — Almost any thing will do, says die 
Philosopher, — ^Little Master's pop-gun that 
lies in the windowi is suffici^it for my pur-: 
pose^ Do me the honour to step this; way, 
Lady Caroline. You see here is a pellet in 
the top of diis tube, made of hemp or brown 
paper. With this piece of paper I will make 
another pellet, and piit it into the other end. 
/Now with the gun-stick drive it forward. 
TThere you have forced the pellet some part 
of the way with ease ; but it will be more dif- 
ficult to get it ferther, because the air, being 
compressed and made moie dense or com- 
pa^, will make more resistance ; and "when 
you have pressed it so close that its force over- 
powers the resistance which the pellet makes 
at the other end, that pellet will fiy off tvith a 
bounce, and be thrown by the spring of the 
:air to a ^^considerable distance. There, see 
with what force it is thrown I 

This you have takai little notice of, be- 
<:ause it is a school-boy's aftioa, and is seea 
^every day; for, indeed, wc seldom trouble our^ 
selvestoiieasonabcmtthingsthataresQf^in^im'? . 
E 
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yet on this principle, my Lady, depends the 
force of a cannon ; for it is not the gim-pow- 
der and fire that drives out the ball with such 
prodigous velocity ; no, that force is occasion- 
ed by the fire's suddenly rarefying Ae air 
which was contained in the chamber or 
breach of the cannon, and that generated by. 
the powder itself. As a proof of this, place 
the same ball in tlie same quantity of powder 
in an open vessel, and 
when fired you will scarce 
see it move. But there 
have been guns lately in- 
vented, called Air-guns, 
which abundantly prove 
what I have advanced ; for 
they are charged only with 
concentrated or condensed 

Here is one, I perceive, 
hanging over my. head, 
where you are to jobserve 
that the ball, which is pre- 
yiously filial by a syripge 
with the condensed air, is 
screwed under the back, 
and by pulling the trigger, 
a valve is pushed in the ball 
by a pin; the air rushes 
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fifom thence, through the back, mto the bar- 
rel, against the bullet, and drives it to a great 
iiistance; and the air in the ball is sufficient 
to discharge six or seven balls, one after .the 
other ; each of which would kill a buck or a . 
doe at a very considerable distance. 

You seem all amazed, and I don*t wonder 
at it, since you have never yet considered Ihe 
extraordinary prc^rties of this element ; and 
it must seem strange to you that the air^ 
which issonecessaryfiw. life, that without it 
.we cannot breathe^ should l^e tortured into an 
instrument of destrudUoa. You will, how- 
ever, be mote surprised when. I tell you that 
this is probably the cause of earthquakes ; and 
that the iioble city of tasbon was some years. 
<ago d^troyed by a sudden jarefaftion of the 
air contained in some of Ihe caverns 
•of the earth, and perhaps under the 
sea.— — Tom Wilson gave a leer of imperti- 
ftcnce, but was ashamed to shew hisfolty be- 
fore such good company. All the rest stared 
at each other without speaking a word, ex- 
cept Lady Caroline, who protested she could 
riot believe what he had said about earth- 
quakes; for, says she, I remember to have 
read in the ne>vs-p:^ers, that the flames burst 
out of the ground. That might be, my Lady,^ 
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says the little Philosopher; for there could 
be no such sudden rarefaftion of the air with- 
out fii-e. Fire Aerefore did contribute to- 
wards the earthquake, arid fire might burti 
down a mountain composed of combustibles ; 
but fire could never blow one up. No, my 
Lady, that effeft is the sole property of the 
air. This dispute would, in all probability; 
have taken up much time \. but Mr. Setstar. 
put an end to the. controvert, by declaring it 
was true pUlosophy. 

In this property of being rarefied and con- 
densed, the airdifiers amazingly fi^om water^ 
which, though composed of such small paiti^ 
cles as not to be distinguished or seen sepa- 
rately widi a microscope, and notwithstand- 
ing its readiness to rise or be evapcHated witli. 
heat, and to be separated with a touch, can- 
not, when confined, be^iidl concentrated, or 
broughtinto a less compass. 

I have already intimated that he^ is the et 
ficient cause of all fluidity, and that ice may 
therefore be termed the natural state of water ; 
the utility of which to man, .as wejl in dilu- 
ting his&K)d a&in increasing hisei\joyments in 
various modes, itwpuld be^tedious and use- 
less minutely to describe to you ; cbntainkig 
a quantity of air, it is the medium by which 
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aquatic animals respire,. It is jilso, if not the 
principal, at Ipast a considerable part of the 
food of Vegetables;^ wluchi will afterwards 
explain toyou* ... ..' 

By increasing the heat water is rendered 
elastic and volatile ^ ^diat is, is converted into 
vapour^ the force of which^ when coi^fined is 
almost incredible ; this force has been applied, 
totlieuse of Mechanics in the Steam. En*^ 
gilies, by which it is said^ that a singte dn^ of 
w^er, converted into vapour^ is cap5A)le oC 
raising teveral hundred weight. The con- 
Btruction of these engines is so very complin 
cated, that it is impossibfe for me to explaia 
without a model. 

Air is the mediiim which diffiisea light ta 
the wca-ld ; folr \jl there was no atmosphere to 
to refract th^ sun's rays rouiKl the iiobe, it 
wonld be ainaost as dark in the day-time as in 
the night J and the sun^ mooQ,. and starsy 
would only be visiblg. It is also th^ medium 
of sounds^ which are conveyed by the trcmu^ 
lous ihoticHiof the air, when.agitatcd by any 
noise. Let me throw thb peach-stoae into 
the moat^ and you witt perceive circles of 
' small waves diffuse themselves by degx^es to- 
a great distance round it. Now, as the air is 
fliiid as w^dl as the water, we may conclude 
E 2 
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that sound i« conveyedsomewhat in this mart- - 
ner; thoug^h as that is nearly a ^us^id 
times lighter than water, sounds are propaga- 
ted at an amazing rate : some-«ay, afer die 
irate of 1,142 fiset in? a second rf time ; but 
however that be,, we may rest assured that 
sound is conveyed in this manner :— -^-Only 
throw up the sash and halloo, and the echo 
will return }'ou the sound ; that is^ the waves 
©r pitlses of air, \i4uch are pot in mc^ion by 
the noise you make, will strike agaiast the 
TOcks. and return toyouagaiU'r for edlro is 
nothing but the reverberation of sound. And 
that there can be no sound conveyed without 
air, , is .proved by experiment; for a belF^ 
stnidc m ah exhausted receiver in an air- 
pump^ cannot he heaid ;: that is> k has little 
or no sound.: . - 

; Without air there woxM be no merchan- 
dize ; for your ships eould not saM to foreigi^ 
climates p. and without air the birds could not 
fly, sinc^ tlj^y would have nothing to- support 
Aem, and theh^ wings. wo«ld be useless; for 
we know that a ftacher Ms wi^ as much ve- 
locity a& a- guinea in> an. exhausted ceceiver oT 
ansur-pump^ But above all, air is the prin-- 
ciple which p]:eserves life botlv m plai^ andi 
animals ; thMr is no breathing widiout aiie ;: 
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and jroii know, when our breath is* stopt, we 
die. This is oiie rf those truths that are cal- 
led self-evSknt;, because it b" universally 
known, . £^d heeds no confirmation; but if 
demonstration be thought necessary ,^ you may 
have it m a mmute, by putting some livingr 
animalinto an air-pump.—-But,said Lady Car- 
oline, it is crUelto torturcapoor animal f ami vi- 
olently opposed this experiment being triedi. 
but as the rest were for it, Mr. Setstar was 
willing to. gratify their curioatyj,, and there-^ 
fore told oiu* ohilosopher.that he' might try the 
experiment with a rat, which they had caught 
in a trap y and if he. survived it, give him his 
life for the pain they had put him to. Master 
Telescope, after placing the ak-5|urop <»i the 
talble^ proceeciecl as follqws t ?^ 
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By the help of tliis machine, all that I have 
spoken concerning die weight and elasticity 
of the air, is demonstrated in the most sim- 
pie and elegant manner. For by wwking the 
handle (marked A)aU the air that is contained 
within the glass receiver (marked B) is pump- 
ed out ; and if any Eving animal is put within 
the receiver, all the air in its body is pumped 
out likewise: then, as I mentioned before, 
air being the principle which preserves life, 
the animal dies, unless fresh air be immedi- 
ately admitted, which piay be done by turn- 
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ing ascrew (at C). Oiir philosopher then 
put Ae rat into the receiver ; and when the 
air was nearly exhausted, it appeared in 
great agony, and convulsed ; and more air be- 
ing puinped out, it feD on its side for dead ; 
but fresh air being immediately admitted, 
it ru^hed^into its lunfgs, which put them in 
motion again, and he recovered. The man- 
tier of the animal's recovery puts me in mind^ 
says the philosc^her, of an accident which I 
once saw, and which 1 would have you all 
remember ; for it may be of service to man* 
kind. / 

■ Some time ago I was bathing with several 
of my school-fellows in a river by the road- 
side. Maister Curtis, who was an obstinate 
silly boy, would dastard the rest, as he called 
it ; that is, he would foolishly exceed them . 
in running into dangers and difficulties; and 
with this vi^w, though he could swim no 
moife than a istone, he phmged into a part of 
the river, wl^ch we told him was greatly 
above his depth, where he rose and struggled 
to get out, but could not. We were all in 
the utmost distress, and unable to assist bito, 
ifor. none of us qould swim. At this insfant 
some gentlemen on horseback came up, who 
immediately disanounted, and got him outs 
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but not till he had- sunk the third time. — ^Hc 
w^s broiight to the.^hqrerwitbout signs of lifp, 
and blooded witliout any effedl: ; when <Mie of 
the gentlemen, v. ho, Ihavesinee bcard,^ was 
a great philosopher, advised them to blow 
some air down hiis throat : thi^ was dcaie, 
and thcf elasticity of the air put his lungs in 
motion, as I imagine, for aipulsation Immedi- 
ately ensued ; h^ re/Qovered almost as sooa 
)is this animal. Now, from what I heard that 
gentlemen say,, and from the instance before 
us, there is reason to helieye that the live§ of 
many might be saved, who are supposed 
drowned, if this method was put in prance 
of conveying air to the. lungs ; for ybu sfre to 
consider, that unless the lungs are in motion, 
there can be no circulation ; and it was for 
/vvant of air that their motion ceased in the wa- 
.ter. Pray, gentlemen, let this he remember- 
/ed, for ;it is a matter of great importance; ' 

W^ lare to dbserve, gentleman;, that air 
whidi has passed thrt>ugh fire, or is become 
foul or stagnated, and has lost its spring, is 
nnfit for respiration. It was die want of fresh 
^ir, or, in other words, the being obliged 
to breathe air that^vas foul, and had lost itq 
spring, or elastic force, that some years ago 
filled so many poor Englishmen in the black 
hole at Calcutta, in the East Indies: and 
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/this breathing of foul air in inflamatory, pu* 
trid, and eruptive disorders; such, for in- 
stance, as the smdl-pex and softie fevers^ has 
destroyed more than can be imagined. If 
therefore you srhouW be seized with any of 
these disorders, advise the peojile about yoU 
to make use oFtheir common sense;v and not^ 
because, a manislll, deprive him erf" that vital 
principle, the air, without which he could 
not live, even in a sate <^ heaMh. Never suf- 
fer your curtains to be drawn dose, or ex* 
elude the fresh air, even wh^n you sleep. 

I am*greatly itiistaken, says Lady Giirolinei 
if the airwe are now inr has not lost its spring ; 
for I breathe- with cBfficuky. Was thiat the 
case, Madam, replied the little philosopherj 
you would 'not be able to breathe at all ; but if 
your Ladyship finds ^the air so disposed, yoii 
should make use of the instrument tfi^ li^ by 
you; wMchyby puttmg the ain in motion, 
will, in part,recoverits spring* Whatiastnrw 
ment. Sir? 'says the Lady. Tour fen, Ma- 
dam, returned the philosophen Every fen 
b a philosophical instrument, and was origi-* 
nally contrived, we may suppose, forthe purv: 
^ose above-meiitaonedi ' - ' ♦ 

A bird dying in an ^»-pump. will he in some 
measure recovered by the convulsive flutter- 
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ig of its own wings ; because that motion alf 
:rs the state of the air remaining in the 
iceiver,' and for a time renders i% fit for res- 
iration* 

Motion is the only preservative for .air and 

^ater ; both of which become unwholeson^e 

fkept long in a state of .rest; and both n^ay 

e recovered md made ^alfitary by being 

gaii^ put ill mjotiop. / • • .r 

If fpuland.stagnated air has such dire efi 

^s, how haijch are we obliged to the leam-^ 

d and ingenious Drl Hales for discovering 

lie Ventilator : an instrument which, in a lit- 

le time, discharges Ae. foul a;r fi-om ships^ 

risons, and other close l^aces^ and suppHe^ 

lem with that 'which is fresh ! 

The. researches of our modern philosd^ 

hers, saysour LeSurer, have been the means 

F many .new discoveries in regard to air. 

'hey npw; produce ;itnd prove the existence 

' ^many fiiffer^nt sorts of air : such as our 

)nmion^r, t'imflammable air, nitrous air, 

ephitic -air, niore techniciilly denominated. 

^them. gasses, or elastic fluids*,. B^t it 

Duld be difficult to. give you clear ideas up- 

this subjedl, without you had Siome pr^- 

>usinowiedgeof Chjjmistry^ I qiu&ttha-e. 
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fore beg leave to dispense with tlie account of 
these now, and only to advise my hearers to a 
study of Chemistry, as now improved, as a 
science that will afford them much pleasure, 
and information in Nature's wonderful ope- 
rations 

When you mentioned inflammable air, 
says Master Wilson, I thoitght you would 
have mentioned tjie Balloon ; which, of all 
wonders, I think the greatest. I protest it 
perplexes me to ^count how in nature it is 
possible for any large hollow substance, even 
although filled with air, to float in the atmos- 
phere, particularly when ^^eighed down with 
a boat and two men in it, as represented in 
this pifeliu'e hung near me ; wiiich records 
the memorable event of Mr. Bla^c^ard aoud, 
Dr. Jefferics crossing the English Channel 
fix>m Dovfr to France* 
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I am suiprised at so simple a question, says 
ora- philosc^her. Why, surely, you never 
considered the reason of those balls that I 
have seen you make by soi^ and water beat to 
a lather, and blown out of the bowl of a tobac- 
co-pipe. The air, by which they are blown, 
issuing from your lungs, is specifically lighter 
than the common air, even when contained in 
that thin watery globe. Now, inflammable air 
is about ten times lighter than common air ; 
so that a large hollow silk balloon, filled with 
inflammable air, although loaded with a boaf, 
two men, and simdries, is lighter in its bulk 
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than common air; and consequently, when 
released from its cords that fasten it to the 
ground, it rises majestically, and soars along, 
^n and above the clouds, according to the di*> 
rection of Ae wind. 

We arc now to speak of the Wind, which 
js only a stream or current of air, as a river is 
of water, and is occasioned by heat, eruptions 
of vapours, condensations, rarelacticffis, the 
pressure of clouds, the fell of rains, or some 
other accident that disturbs the equilibrium 
,pftheair: for Nature abhors a vacuum, and 
for thatreason, when the air is extremely rare* 
fied in one part, that which is more dense will 
immediately rush in to supply the vacant pla- 
ces, and preserve the equilibrium ; as is the 
case with water and other fluid substances. 
Only raise a^vessel of Water suddenly out of a 
cistern, and see with what speed the other wa^ 
ter will rush in, to fill up the space and pre- 
serve its level. And these rardactions in the 
air may happen hear the earth, or rtiuch above 
it ; and is the reason why clouds fly in contntr 
ry direflions. This occasioned the loss of 
thereat kite, which we were a whole fort- 
night in makmg ; for though there was scarce- 
ly wind in the park sufficieiit to raise k, yet 
when lifted extremely high by the ak, it was 
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seized fay.a tJuwent of wiml, and torn in 
pieces. 

Winds are violent or g«tle, in proportion 
to the rai'efaftion or disturbance there ha$ 
been in the atmosphere. A violent wind, in a 
great storm, flies at the rate of 50 or 60 miles 
in an hour, and is often so dense, or strong, 
iis ta be^ doATO trees, houses, and even 
churches before it. What the sailors call a 
brisk wind, flies at the rate of abcmt 15 miks 
an hour, and is of great use in cooling the 
air, and cleansing it from pdsonous ayid pe^ 
lential exhalations. 

The whids have various qualities ; they arc 
generally either hot or cold, according to the 
quarter from whence they blow. In England, 
some years ago, they liad a south- west wind 
in February, w^ich blew so long from that 
quarter, that it brought them the very air cf 
Lisbon ; and it ivas as hot as in summer. 
Winds from the nortH and north-east, which 
com^ off. large tradts of land, are generally 
<»k]* Some winds moisten and dissolve^ 
-others dry and thicken : some raise rain, and 
<jthers disperse it : some Mfinds blow con- 
stantly from one qtiarter, and are therefore 
called the. Gmelnl? Trade Winds ; these are 
met with on each sade of the Equator, in the 
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Athntic^ Ethk^ie, and Pacific Oceans% 
Some winds, again, blow constantly (me way 
for one half, or one quarter of the year, and 
then blow the ccMitrary way. These are met 
with in the East Indian seas, and are called 
McMisoons, OT Periodical Trade Winds. But 
as these subjects are abstruse and difficulty 
and afford littfe entertainment, I will defer an 
explaiiati<»i of them at present, and endeavour 
to give you some account of the meteors that 
attend die air. 

We have already observed, that, besides 
pure air, the atmosphere contahis minute par- 
ticles of differtat sorts, which are continually 
arising in sti-eams from the earth and waters, 
and are suspended and kept floating in the air. 

The most considerable of these are the 
small particles of water ;, which are so sqnra- 
ted asto^be lighter than Mr,, mid are raised by 
the sun's heat, or lifted up by the wind; from^ 
the sea, rivers, lakes, and marshy or moist 
parts of the earth ; and which descend agaia 
in Dews, Rain, Hail, and Snow.. 
. When these small particles are,, by a rare- 
fied state of the air^ sufiered ta imite manjr 
of them together, and descend so as to i^der 
tte hemisphere more opaque, and by its hu- 
midity to moisten bodies on the earth, it is 

E2^ 
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caDed a Mist. And, on lie contrary, thosis 
particles of water that arise after a 
hot day from rivers, lakes, and marshy places, 
aj?i£f, h^ fillkig the air, moisten objects and 
render them less visible, are called Fogs. 

Clouds are the gre^^st wid most beneficial 
of all the meteors^ for they are bcnne about 
on the wings of the wind, and, as the Pisalm-^ 
ist <^>serves^ " Distribute &tness to the 
earth.*'' Ckxids eontain very small particles 
of water, which are raised a considerable 
distance above the sur&ce of the earth i for a 
cloud is nothing but a mist flying high ki the 
air, as a mist i&nodiing but a cloud here be- 
low. 

That th^se vapours are raised m the »r, iit 
the manner above-mentioned, may be readi^ 
ly conceived; for it is on action that is seent 
every day in common distillations ; but how" 
these mvi^ble pa^tides whidh float in the air^ 
are collected into clouds, in order to bring the 
water badt againv is not so easy to determine 
tt is probable^ that by unitrng first kito small 
drops, then mto larger, thQr become too hea- 
vy tobe sujspended by the w*, and Mdowi» 
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We come now to describe the causes of 
Thunder and Lightning; Jbut here I must 
take the Electrical Machine to my^aid« 

On account of die many late improvements 
that have been made in the science of electric 
city, the instrument-makers have made elec- 
trical machines upon various construc- 
tions. The one I am now going to describe 
is not the most modem of these ; bijt as the 
essential parts are exactly the same in all, you 
will obtain by this a sufficiently complete and 
just information of the curious properties be- 
longing to them. 

All the phenomena called Electrical^ are 
supposed to be effected by an invisible subtle 
fluid existing in all the bodies of the earth. 
The Electrical Machine is made to extract 
this fluid from the earth, in the manner I will 
describe toyoiu 



^. 
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The handle (marked A) beuig turned roundr 
\xy means of some wheelwork in the box • 
(marked B) turns round the glass cylinder 
(marked G) ; this qFlindet rubs against the 
cushion of stuffed silk, whick is called the 
Rubber (marked D) r by this means the elec- 
tric fluid is extracted from the rubber, and 
«rried round by the ^^to the points^Cooaxk- 
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cd'E) which it enters, and remains in the tin 
tube or condud^or (marked F), which is fix- 
ed upon a glass stem (marked G): as the 
electric fluid cannot pervade glass, this stem 
hindo^ it from returning again to the earth. 
When the madbine is worked, if a person pla- 
ces one of his knuckles about half an inch 
bomx the brass knob at theendof the condu6l- 
or (markied H) the eleftric fluid will dart like 
a bright ^ark ot'fire from it to &e knuckle^ 
and give the person a small degree of pain. 
If, mstead of the knuckle, a coated jar is pla- 
ced to the conductor, the fire will be received 
by it, and accumulated therein : so that if a 
person touches the bottom of the jar with one 
hand, and the hall at the tc^ of it with the 
other, he will receive the diarge of eledlricity 
Ihrotigh him, and f^ the sensation of a sud« 
den shock. 

The similarity of lightning and electricity is 
not to be remarked in a fev^ ^pearances only^ 
but is obgervaUe throughout all their various 
effects* Lightning destroys edifices, animals, 
trees, &c. It always goes through the best 
conductors, such as metal or water ; but if it 
meets widi substances which will not wmdtict 
it (such as stone or wood) it rends tliem, and 
disperses them in every dire^on. Light- 
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ning bums, and often indts metals ioid other 
substances. AU these effects^ as I said be- 
fore, may be produced t^ dectrioitjr. But 
beside the great tnmilarity exibsftmg between 
lightning and electrici^, what fuHy proves 
them the same is, that the matter of light- 
ning may. be actually brought down itom the 
clouds by means of electrical ^kites : but as 
this is a very dangerous experiment in unskit« 
ful hands, I will not now describe the niediod 
of making them* Clouds have almost always 
some electrical matter in them ; and the light- 
ning accompanying, which is supposed to be 
collected from the earth 3vith the thunder," is 
only that matter darting from c^ae or more 
clouds into another cloud, or else uponr the 
earth; in which case it strikes upon tl^ most 
lofty and pointed places, and by this stroke 
produces all those dreadftil effbcts that are 
known to be occasioned by lightning. But, 
says Miss Cardkie, you have not. yet men- 
tioned those pointed rods on the tops of many 
large buildings ; I have been told they protect 
the buildings from lightning* That they cer- 
tainly do^ Madam, s^d Master Telescope, 
for the lightning is attracted from the qlouds 
by the pointed rod, and is by it conducted 
down the side of the building to the nearest 
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water, without damaging it. These rods were 
the ifivention of the lateingenious Dr. Frs^-^ 
Un, of our owncmmtry. Pfeople kigeneral^ 
when diey haiipan to be cai^;fat in a thunder- 
storm, run for shdter under a tree ; but that 
^t is veiy wrong ; fi» the Kghtning i& at- 
tra€l;ed ly^rthe tree, and thus accidents often 
happen. The^ best way is to get into an c^n 
phice and lay at a distance ail metal which you 
may have about you : tf you do this, you are 
not in much danger of being hurt by tlv^ thun- 
der and lightning. 

' Snow is the small partides of water frozen 
in die air before they had unked into drops : 
and hail is drops of nun frozen in &e fidl. 

The Aurora Boreaiisy oc northern Kghts, 
are occasioned by cert^n nitrous and sulphur- 
eous vapours, which are thinly spread through 
Ihe atmosphere, above the clouds, where they 
ferment^ and, taking &*e, the explosion of 
one portion kindles the next, and the flashes 
succeed one another, till all the vapour is set 
<Mi fire, the streams whereof seem to converge 
towards the zenith of the speflator, or that 
pomt of the heavens which is immediately 
over his head. 

At this instant, up started Master Long, 
and said, I should be glad to have an account 



^8 Of the Jiir^ Atmosphere^ ^c^ 

of this Jack-with-a-Lantem, which so haunts 
Mr. Setstar's park, and t'other day led my 
fiiend Tom Wilson into a large pond. Mas* 
ter Wilson, you are to understand, had been 
at his uncle's, where he had staid rather too 
late, and ther^re his uncle ordered the foot- 
man to light him home ; but Tom, being a 
very courageous fellow, and a litde obstinate, 
would walk home al(Mie, and in the dark : and 
just as he came into the marshy meadow, who 
shouM he almost overtake but tliis same gen- 
tleman, this Jack-with-a-Lanton, whom he 
mistook fixr Goody Curtis, the washer-wo- 
man, and thought she was lighting hersdf 
home frcHU work. Tom ran to overtake 
Dame Curtis; but Mr. Jack with his Lan- 
tern sdll k^t out of reach, wd led my frigid 
Tom out of the path ; which he did not per- 
ceive till he had lost hknself : on which Tom 
halloo'd, and Jack would not answer. At 
last souse came Tom into Duckweed pond, 
where he might have lain till this time, if Mr. 
Ooodall had not heard him call out, as he was 
riding by, and went to his assist^ice^ This 
put all the C(xnpaiiy in good humour; and 
Tom had good nature and good sense enough 
to join tliem in the laugh; which being sub- 
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sided, our PhilosoiAer thus proceeded in his 
Lefture: 

The Igms Fatims^ J ack-witb-a- Lantern^ 
or WilLmth'tbe-Wisp^ as it is frequently cal- 
led, is supposed to be only a fet, unftuous, 
and sulphureous vapour, which in the night 
appears lucid ; and being driven about by the 
Mr near the earth's surface, is dlen mistaken 
for a light in a lantern. Vapours of this kind 
are in the night frequently kindled in the air, 
and some of them appear fibe falling stars ; 
and are by ignorant people so called. 

Itmuy be here necessary to mention that 
beautiful phenomenon the Rainbow, since it 
has the appearance of a meteor, though^ in re- 
ality, it is none ; for the Rainbow is occasion- 
ed by the refradtion or refle^on of die sun's 
beams from the very smallclrops of a cloud or 
mist seen in a certain angle made by two lines, 
the one drawn from the sun, and the other 
from the eye of die spectator, to those small * 
drops in the clouds which reflect the sun'^s 
l>eams : so that two persons looking i>n a 
Rainbow at the same time time, do not^ in re- 
ality, see the same Rainbow, 

There are other appearances in tlie atnios- 
phere which ought to be taken notice of ; and 
these are the halos, or circles, which some- 
G 
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times seem to encompass the sun and moon ; 
and are often of different colours. These al- 
ways appear in a rainy or fix)sty season, and 
are therefore, we may suppose, occasioned 
by the refraction of light in the froz^ parti- 
clesintheair. 

Here the Lecture would have ended, but 
a sudden clap of thunder brought on fresh 
matter for meditation. Some of the compa- 
ny, and particularly the ladies, endeavoiu'ed 
to avoid the lightning ; but Master Telescope, 
after the second clap, threw up the sash, and 
assiu*ed the ladies and gentleman there was 
no (fang^r, far that the clouds were very high 
intheiair. . The danger in a thunder storm, 
says he^ is in proportion to the violence of the 
tempest, and the distance of the clouds ; but 
this tempest is not violent ; and that the cloud 
is ata gre^t distance, or high in the air, you 
may know by the length of time there is be- 
tween your fieeiugtiie flash of lightning and 
hearing the .dap of thunder. Look, ;see how 
the sky opens to emit the fire J presently you 
i^viUhear the thund^, for you know we see 
the fire from a gun at a distance, long before 
we hear the report. There it is ! and how 
tremendous ! These tempests always put me 
pi mind of that beautijOial passage in Shakes^ 
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pcare's King Lear ; where, when the £Ood old 
King is out in a storm, and obliged to fly 
from his unnattiral children, he says, 



-Let the great Gods 



That keep this dreadful thund'ring o'er our heads^ 
Find out their enemies now. Tremble, thou wretch^ 
That haft within thee undivulged crimes 
Unwhipt of juilicc ! hide thee, thou bloody hand, 
Thou perjur'd, and thouilmular of virtue. 
That art incestuous ! Caitiff, (hake to pieces. 
That under covert, and convenient feemirg, 
Has pra£lis'd on man's life ! Clofc pent-up feuilt, 
Rive your concealing continents, and ask 
Thefe dreadful fummoners grace ! 
This tempest will not give me leave to ponder 
On things would hurt me more 

Poor naked wretches, where foe 'er you are, 
That bide the pelting of this pitylcfs ftorm ! 
How fhall your houielefs heads, and unfed fides. 
Your loop'd and widow'd raggednefs defend yoa 
From feafoHs fuch as thefe ?-i-0, 1 have ta'en 
Too little care of this I Take phyfic. Pomp, 
Expofe thyfelf, to feel what wretches feel, 
And thou may'ft (hake the fuperfiux to them, 
And (hew the Heavens more juft. 



( y2 ) 

LECTURE IV. 

OF MOUNTAINS, SPRINGS, RIVEHS^ 
AND THE SEA, 

WE come now, says the Philosopher^ 
to the consideration of thhigs with which we 
are more intimately acquainted, but which are 
not, on that account, the less wonderful. 
How was that Mountain lifted up to the sky ? 
How came this crystal Spring to bubble on 
its lofty brow, or that large Hiver to flow 
from its massy side ? But above all, how 
came this mighty body of water, the Sea, so 
collefled together ? and why, and how was it 
impregnated with salt, seeing the fidb and 
other animals t^en out of it are perfeftiy 
freiA ? These are questions not to be answer- 
ed; even by the Sages in Science. Here the 
Phildsopher, at the end of his judgment, and 
lost in admiration, can only say with the 
Psalmist, " They that go down into the sea^ 
*' and occupy their business in the gr^at wa- 
" ters, these men see the greatness of God, 
** and his wonders in the deep. — ^Wonderful 
" are thy works, O Lord ; in judgment hast 
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" thou made them all I— The earth is full of 
" thy ^"eatness ! 

It is the business of Philosophy, however^ 
to enquire into these things, though our en- 
quiries are sometimes yain. We shall there- 
fore, in this Lefhire, give the best account 
we can of Moitnt^ns, Springs, Rivers, and 
the Sea. 

. The ancients supposed diat Moimtaih$> 
were originally occasioned by the Deluge; 
before which time they imagined tlie earth 
was a perfeft level : and a certairt Abbot was 
takeainta tuatody and punished for asserting 
that the earth was round ; though titere is so 
great a necessity for it&beingso, that, accord- 
ing to the properties with which the Almigh- 
ty has endowed the substances that com})ose, 
the wwld, it could not conveniently sub^ 
in any other form ;. for, not to mention tfie 
fornfiation of rivers, which are generally occa- 
sioned bydiemists tliat fall on ^ moun- 
tains ^ if the earth was a regular plain, instead 
of that beautiful variety of Inlls and valleys, of 
\5erdant forests and refreshang. streams, which 
at present, deHght our senses, a dismal sea- 
would cover the whole face of the globe ; and 
.^% best it would be only the habitation of 
Jghes.: . ,. 

G ^ 
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I protest, says Lady Caroline, I think yoif 
carry this argument too far, and seem to ques- 
tion the power of the Creator. — ^How can you 
tell that the earth and water thus dL^)osed 
would have that effect ?— -^From daily expe- 
rience,Madara^ says the Philosopher. Throw 
this stcoie into the moat, and you will see it 
sink J or this dot of dirt, ai'Kl it will M to the 
bottom. Bitt, says she, this is not always the 
case f for when I water my flowers, the Vvater 
sinks into the ground and disappears. 
That is, because there is abundantly more 
earth than water, Madam, says he ; and the 
earth beii^ porous^ or hollow^ the water runs, 
into the cavaties, and fills them ; but was you 
♦to continue pouring out of the water-pot tilS 
all these crevices were fiill„ you would find 
the water flow at t€^, and the garden-mouldy 
or earth, would f emmn at the bottom ? for )£ 
you take a pint pot ofeardi,* and another of 
-water, and mix them ever so well together^ 
the earth will in a little time subside or fall ta 
the bottom, and the water will be seen at the 
tq>. This is to me a demi^istration,. Madam ;; 
mid it is so &r from calling in question the 
. J wisdom of Gqd, that it is vindicating Ih& wis- 
dom in the works of Creation. So that yoa 
may perceive from hence, as well as fix)mtfie 
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tnotion of the heavenly bodies, that the earth 
is round, and that the ancients were in an 
error. 

And wifli regard to Mountains, though the 
Deluge might throw up many, and much al- 
t^- the face of the earth, yet from the great use 
moxmtains are of in collecting the waters of 
the atmosphere into springs- and rivers, it is 
reasonable to suppose there were mountains 
even in the first age of the wcarld. 

If I am not mistaken, says Mrs^ Twilight, 
it has been supposed, and by men of learnmg,. 
that this irregularity of the earth's surfece was 
occasioned by sc»ne Comet's striking against 
it : and tKs opinion, I know, put Miss Lucy 
and many ethers in great pain when the late 
Comet was expefted. What say you to this^ 
young Gentleman I 

I am unable to answer for all the extrava*- 
gant conceits ao^ndiculous follies of the hu- 
laaanrace,. Madam, says he ; and yoii might 
as v^ell expect me to give a reason for the 
poor soldier^ prophesying an earthquake 
some time ago„ and of Ae terrors of the peo- 
ple on timt occasion, as to account fcsr this^ 
That the Earth has undergone amazing chan- 
ges since its first formation, is^^ I think, evi- 
'dcntfixjm* the contents of many mountains^ ia 
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various parts of the world. In some are found 
petrlfa^lonsinabiuidance; mothers, die shells 
of sea-fish, the bones of animals, &c. At 
Reading^ in Berkshire, (England,) which is 
above forty miles from the sea, there is a stra- 
tum of oyster shells, which appear like real 
oysters, and are spread through a hill of con- 
siderable extent ; they lie tlpon a chalky rock 
in a bed of sand, much resembling that of the 
sea ; and the upper part of the hill, which is a 
loamy sou, is thirty or forty feet perpendicular 
above them : and at Burton, near Petworth, 
in Sussex, was dug out of a pit, the bones or 
skeleton of ai\ Elephant ; and lately,, in the 
state of New- York, thebcwies of an enormous 
quadruped have been discovered imdemeath 
Ae surfe.ce of the eartlu Numbecfess- £uri<^ 
osities of this kind have been discovered,, 
(some of which I shall take particular notice 
of iE^ my next course of Leftures) ; but I 
think there are few but what maybe accoimt- 
ed for fi:om the effefts. of the deluge,, earth., 
quakes,, and subterraneous fires^ Earths 
quakes at the bottom of the sea,.for instance,, 
have sometimes thrown up mountains or lit- 
tle islands, with the fish upon, them, whicb 
have been covered by the sandy ©r loose earths 
giving way, and Ming, over them- It is not 
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long since an island was raised in this manner, 
in the Archipelago, of ten miles circumfer- 
ence, theiulls of which abound with oysters 
Tiot yet petrified, and which are much larger 
than those taken on the coast; whence we 

' may conclude,, that they were thrown up from 
the deepest part of the sea. Sea-fish have 

. been also found in other mountains ; some of 
which have been petrified, while others have 
l3een fcxmd with the flesh oidy browned or 
mummied. 

And from the ama2;ing quantity of fire con- 
tained in the earth, and of the subterranean 

. air rarefied thereby, great alterations must 

- have been made in its surface in the course of 

- so many years. 

Very well, says Lady Caroline; and so you 
are going to turn tiie earth into a hot-bed, and 
I suppose, we who are its inhabitants, are by- 
' and-by to be complimented with the title of 
mushrooms and cucumbers, or perhaps pump- 
kins. This is fine philosophy, indeed. Have 
patience, my dear, says Mrs. Setstar* — ^Pa^ 
tience. Ma'am, retum«l Lady Caroline, why 
I hope your Ladydiip would not have me be- 
lieve that we have a furnace of fire imder us ? 
—I do not blow. Madam, whether it be im- 
mediately uncler us or not, replied the littic 
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Philosopher ; but that there are numbers of 
these furnaces in the earth is beyond dispute, 
and is evidently proved by the great number 
of burning mountains, which are continual- 
ly, sending up flames^ attended wkh large 
stones and metallic substances. I am sorry 
Mr. Galaxy is gone. Madam; for he would 
have set you right in this particular, which, 
pardon me, I shall not attempt, since I find 
my veracity so much questioned. — The com- 
pany all laughed at the Philosopher in a pet ; 
but Mrs. Setstar took up the matter, and soon 
put an end to the dispute. She blamed Lady 
Caroline for offering to decide upon a point 
which she^did not understand ; and then turn- 
ing to the young gentleman, told him, that pa- 
tience ought to be a principal ingredient in the 
character of a philosopher. Upon which La- 
dy Caroline and he composed their difference 
with a mutual smile, and after asking the 
pardon of Mrs. Setstar for betraj^ng too much 
M^armth, even in the cause of truth, he told 
Lady Caroline, she should have some account 
of these mountains from the best authority ; 
when, taking a book out of his pocket, he read 
as follows : 

" The most femous of these mountains is 
Etna in Sicily, whose eruptions of flame and 
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smoke are discovered at a great distance, by 
those that sail on the Mediteranean, even as 
far as the harbour of Malta, which is forty 
German niiles from the shore of Sicily. 
Though fire and smoke are continually vomit- 
ed up by it, yet at some particular times it 
rages with greater violence. In the year 1536 
it shook all Sicily, from the first to the twelfth 
of May; after that, there was heard a most 
horrible bellowing and cracking, as if great 
guns had been fired ; there were a great many 
houses overthro^vn throughout the whole 
island. When this storm had continued 
about 1 1 days, the ground opened in several 
places, and dreadful gapings appeared here 
and there, from which issued forth fire and 
flame with great violence, which in four days 
consumed and burnt up every thing that was 
within five leagues of Etna. A little after, the 
funnel, which is on the top of the mountain, 
disgorged a great quantity of hot embers and 
ashes for three whole days together, which 
were not only dispersed throughout the 
whole island, but also carried beyond sea to 
Italy; and several ships that were sailing to 
Venice, at two hundred leagues distance, suf- 
fcred damage. Facellus hath given us an his- 
torical accoimt of the eruptions of this moun- 
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tain ; and says, that the bottom of it b one 
handed leagues in circuit. 

" Hecla, a mountain in Iceland, rages 
sometimes with as great violence as Etna, and 
casts out great stones. The imprisoned fire 
often, by want of vent, causes horrible 
sounds, like lamentaticms and howlings; 
which make some credulous people think it 
the place of Hell, where the souls of the wick- 
ed are tormented. 

" Vesuvius in Campania, not fer from the 
town of Naples, though it be planted with 
most fruitful vines, and at other times yidd- 
eth the best Muscadel wines, yet it is very ot 
ten annoyed with violent eruptions. Dion 
Cassius relates, that in the reign of Vespa- 
sian, there was such a dreadful eruption of im- 
petuous flames, that great quantities of ashes 
and sulphureous smoke were not only carried 
to Rome by the wind, but also beyond the 
Mediterranean, into Africa, and even into 
Egypt. Moreover, birds were suffocated in 
the air, and fell down dead upon the ground : 
andfishes perished in the neighbouring waters, 
which were made hot and infefted by it. 
There happened another eruption in Martail's 
time, which he elegantly dercribes in one of 
his epigrams, and laments the sad change of 
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the mountain, which he saw first in its ver- 
dure, and immediately after black with ashes 
and embers. When the burning ceased, the 
rain and dew watered the surface of the moun- 
tain, and made these sulphureous ashes and 
embers fi-uitful, so that they produced a large 
increase of excellent wine; but when the 
mountain began to bum again, and to disgorge 
fire and smoke afresh (which sometimes hap- 
pened within a few years) then were the neigh- 
bouring fields burnt up, and the highways 
raaxle dangerous to travellers. 

*' A mountain in Java, not far fix>m the town 
of Panacura, in the year 1586, was shattered 
to pieces by a violent eruption of glowing sul- 
pher (though it had never burnt before); 
whereby (as it was reported) ten thousand 
people perished in the under-Iand fields.. It 
threw up large stones, and cast them as far as 
Panacura; and continued for three days to 
throw out so much black smoke, mixed with 
flames and hot embers, that it darkened the 
fecq of the sun, and made the day aw)ear as 
the night." 

There are a great number of other moun- 
tains, or (as your Ladyship is pleased to call 
them) furnaces in the known world ; to euu- 
H 
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merate them woidd be too tedious to myau- 
iditors. 

We come now to the consideration of 
Springs; which are occasioned principally, 
-we may suppose, by the water exhaled from 
the sea, rivers, lakes, and marshy places; and, 
forming clouds, are dispersed by the winds. 
These clouds, when they are so co1]e€ied to- 
gether as to become too heavy to be suppcnt- 
ed by the ^, fidl down in rain to water the 
herbs and plsmts ; but those that are lighter, 
being driven aloft in the air, d^sh agmnst the 
jaiountains, and to them give \tp their contents 
HI small particles; whence entering the cre- 
vices, they descend till they meet together, 
and form springs : and dus is the reason why 
we have such plenty of springs in mountainous 
^countries, and few or none in those that are 
flat. And you may observe that it frequently 
rains in hilly countries, when it is clear and 
•fine in the ydSits beneath ; for the air in the 
Tallies is dense enough to support the clouds, 
and keeps tliem suspended ; but being driven 
up among mountains, where, in c6nsequence 
of their height, the air is so much lighter, 
they descend in mists or such small drops of 
rain that will not run off, as is the case in a 
heavy rain, but aink into the crevices of the 
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earth, in the manner already mentioned,- 
MoB^, that a great part of this water is exhakd 
from the sea, may be kndwn by tlie extraordi- 
i»ry rains and great dews which fall iipon 
islands that are surrounded by the sea ; but 
some springs, itisreasonJlble to suppose, have 
their source from the ocean, since those 
which we meet with near the sea are generally 
somewhat salt or brackish. 

These springs, thus formed by the mists on 
mountains, and the rain meeting together, 
form little rivulets or brooks; and those 
again uniting, compose large rivers, which 
empty themselves into the sea : and in this 
manner the water, exhaled from the sea by 
the sun, is returned to it again ; for Provi- 
dence has established such wise laws or regu- 
lations for the wwld, that no part of the ele- 
ment can be annihilated. But the very large 
rivers must have some other source besides 
the firings formed by the mists, dews, and 
rains, since these seem insufficient to support 
their prodigious discharge; it is therefore 
no improbiable conjedlure, to suppose that 
they have some communication with the sea, 
and that the salt water is purified and render- 
ed sweet by passbg through the sand, gravel, 
and crevices of the earth. 
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Lakes are colle6tions of water cbntaoned in 
the cavities of the sUrfece of the earth ; some 
of which are said to be stagnant, and made up 
of the waste water that flows, after rain or 
snow, from the adjacent countries; and these 
must be unwholesome- — Othier lakes are sup- 
plied by rivers, the contents of which they re- 
ceive and convey under ground, to form other 
springs and rivers ; others, again, are fed l^ 
springs which arise in the lake itself; and 
some (as that of Haerlem, and other salt 
lakes) have a communication, it is supposed, 
with the sea, whcince they receive their wa- 
ters, and afterwards discharge them by sub* 
teranean streams. 

The sea is a great colle6lion of water in the 
deep vallies of the earth; I say, in the deep 
vallies ; for if there were not prodigious cavi- 
ties in the earth, to contain tlus amazing quan- 
tity of water, thus cdlected together, the 
whole surface of the globe woukl be overflow- 
ed ; for the water being lighter than the earth, 
would be above the earth, as the air is above 
the water. 

Now you speak of the sea, says Mrs. Set- 
star, I wish you would tell me why the sea- 
water is always salt. Madam, replied he, I 



Of Mountains^ Springs, &c. 85 

wish I could; but it is beyond the reach of 
my philosophy, and indeed, I believe, of any 
pUlosoi^r whatever; although some have 
coiyectured, that the rivers in their passage 
extract the salts from the earth, and convey 
them to the sea. 

I have often thought, from the prodigious 
quantity of salt distributed in the earth and 
water, that it must have qualities which we 
know not of, and answer piuposes in the scale 
of being with which we are unacqainted. 

The most remarkable quality in the sea; 
next to its saltness, is that motion or rising 
and falling of the water, which we call tides, 
and which is occasioned by the attraction of 
the moon ; which I mentioned in my second 
Lecture (page 26>; for that part of the water 
in the great ocean which is nearest the moon,, 
being strongly attracted, is raised higher than 
the rest; and the part opposite to it, on the 
contrary side, being least attracted, is also 
higher than the rest ; and these Wo opposite 
sides of the surface of the water, in the great 
ocean, following the motion of the moon from, 
cast to west, and striking against the large 
coasts of the continent, from thence rebound 

H 2 
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back again, and so make floods and ebbs in 
narrow seas and rivers, at a distance from the 
great ocean. This also accounts fbi' the pe- 
riodical times of the tides, and for their con- 
stantly following the course of the moon. 



( 8r ) 
LECTURE V. 

or MINERALS, VEGETABLES, AND 
ANIMALS. 

COULD a Philosopher condescend to en- 
vy the great, it would not be for their sump- 
tuous palaces and numerous attendants^ but 
for the means and opportunities they have of 
enquiring into the secrets of Nature, and con- 
templating the wonderful works of God. 
There is no subject so worthy erf a rational 
creature, except that of promoting the happi- 
ness of mankind r and none, except that, can 
give a man of refined taste and good imder- 
standing, so much real satisfaction. But it 
is our misfortune that few engage in those ea- 
quuies but men of small estate, whose cir- 
cumstances will not permit them to spare the 
tinae, nor support the expencevof travelling, 
which is often' necessary to obtain the know- 
ledge thQT seek after; and for the want of 
whiclrtheyai^ obliged to depend on the rela- 
tions of those who have not, peihaps, been so 
accurate or so faithfiil as they ought.' Con- 
sidering the t^uantity of drugs that are used» it 
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is amazing how little even those who deal in 
them know of the matter: so little, indeed, 
that they cannot tell where they grow, CH* how 
they are found or manufactured ; are unable 
to distinguish the genuine fix>m the ^[mriouSy 
and may therefore, through mistake, c^ten 
substitute the one for the other. Hedth and 
life are of too much consequence to be trifled 
with ;. yet these are neglected, while fashioa, 
dress, and diversions, are sought after 
throughout^the world. This is amelancho^ 
]^ consideration; but this, you'Usay; is no 
part of our Lecture, therefore, we shall drc^ a 
subject which has thnistitself, . as.it were, in- 
to our way, and speak. o£ the contents of the 
earth, and its products and inhabitants; for 
this globe, besides the e^oth and water, . which 
are necessary for the production and support 
of plants and animals, contains other materials 
which have beeafound useHil to man. That 
reflecting telescc^, this gold watch, and Lady, 
Caroline's diamond ear-rings, were all dug- 
out of the earth ; at least the materials 
were theie found, of which these things are 
composed. 

Those sorts of earth, which, with the assist^ 
ance.ofrain produce vegetables or plants in 
such abundance, are common mould, loam^ 
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clay, Old satidy soils. There are earths al- 
so that are difiercnt from these, and which are 
used in medicine ; as the Japan earth, Arme- 
nian Bde, &c. 

The barren parts of the eardi arc, for the 
most part, sand, gravel, chalk, and rocks; 
for thiese produce nothing, unless they have 
earth mixed with them. — Of barren sands 
there are various kinds, though their chief 
diferehce is in their colour ; for the sand 
which we throw on paper to prevent blotting, 
and that the maid throws dn the floor, are 
both composed of litde irregular stones, with^ 
out any earth ; aSd of such there are large de- 
serts in some parts of the world, and one in 
particular, where Cambyses, an eastern mon- 
arch, lost an army of 50,ooo nien. Sure, 

says Lady Caroline, you must mistake. Sir. 
How was it possible for a whole army to be 
lost in that manner ? Why, Madam, returned 
the philosopher, the wind, as it frequently 
does in those parts, raised the sands and 
clouds, ft)r many days together, and the 
whole army was smothered. And if you 
read the life of Alexander the Great, you'll 
find, Madam, that his army was in great dan- 
ger, when he crossed the same desert, in his 
frantic expedition to visit the tempte of his 
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pretended Either, Jupiter Ammon.-— But 
we return to our subject. 

Besides these materials, which compose 
the surface of the earth, if we dig de^)er, we 
frequently find bodies very diflferent from 
those we discover near the sur&ce; and 
these, because tihiey are discovered by <ligging 
into the bowels of the earth, are called by the 
common name of Fossils ; though unier this 
head are included aU metals and metallic ores, 
minerals, or half metals, stones of various 
sorts, petrifafiions, or animal substances turn- 
ed into stone ; and many other bodies which 
have a texture between stone and earth ; as 
oker of several sorts, with one of which the 
farmers colour their sheep ; black lead, with 
which are made those i>encils that we use for 
drawing ; and some kinds of chalk, sea-coal, 
and other bodies that are harder tiban earth, 
and yet not of the consistency of perfedt 
stone. 

Of stones there is an amazing variety. 
They are classed by naturalists Under two 
heads ; that is to say, spare and chrystals : 
and by others, into vulgar and precious stones. 
Some of the most considerable, both for 
beauty and use, are marble, alabaster, por- 
phyiy, granite, free-st<me, &c. Flints, agates, 
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cornelians, and pebbles, under which kind 
are placed the precious stones, otherwise cal^ 
led gems or jewels ; which are only stones of 
an excessive hardness, ^nd which, when cut 
and polished, have an extraordinary lustre. 
The most valuable of these are diamonds, ru- 
bies, sapphires, amethysts, emeralds, topazesy 
and opals* 

But there are other stones which, tho' void 
of beauty, may, perhaps, have more virtue 
than many of those already m^itioned; such 
as the loadstone, which I detacribed to you in 
my first Lefture (p. iiO; also the whet- 
3tcmes, with which we sharpen our knives and 
other edge-tools; limestones, talc, calamine, 
or lapi$ calaminaris, and many others. 
. Besides the bodies already mentioned^ 
thereare also found in the earth a variety of 
salts ; such as rock-salt or sal-gem, vitriol, 
mtre, and many others. 

The minerals, marcasites, or semi-metals^ 
as they are calkd by the chemists, are anti- 
mony, zink, bismuth, &c. These are not 
inflammable, du6iile, or malleable, but are 
hard and brittle, and may be reduced to pow- 
der; and the first, after mdting, maybe cal- 
cined by fire. 
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Mercuiy, or quklfsUyer, has generally been 
classed with semi-metals, and indeed, some- 
times among the metals; but I think it ought 
not to be classed under either of these heads, 
but considered seperately ; as also should 
brimstpne, though it be a part of the compo- 
sition of crude antin?iony. ^ . 

Ores are those kinds of earth which are 
dug out of mines, and that contain in them 
metallio particles, from whenpe metals are ex- 
tracted. 

Their form when dug from the ntune is ve- 
ry different from that which they assume 
when they have been melted in the furnace, 
^d polished by the art of man. The most 
precious metals, as gold and silver, do not 
form the most splendid ores. . The pyrites, 
which are a mixture of iron and jsulpher, are 
much mpre beautiful to the eye. 

The trade of a miner is the most wi^tched 
^d dangerous of all; they are not only expo- 
sed to the common accidents of the roof fal- 
ling in, or a sudden overflow of water, but al- 
so a variety of dampSy as they are called, or 
noxious vapours. In the quicksilver mines, 
the sufferings of the workmen are deplorable ; 
their bodies are so impregnated with the min- 
eral, that they soon become emaciated and 
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crippled, every limb contracted or convulsed, 
and soon end their miserable existence in a 
consumptive state : and this tliey sustain for 
the trifling reward of seven i)ence a day. 

Metals are distinguished from other bodies 
by their weight, fusibility, or melting in the 
fire, and their malleability, or giving way 
and extending under the stroke of the hammer 
without breajdng in pieces. These are six, 
viz. gold, silver, copper, tin, lead, and iron. 
They are seldom or never found in any part of 
the earth but what is mountainous, which, by 
the way^ in some measure proves what we 
ventured to assert in a former Lecture, viz. 
that there were mountains before the deluge ; 
for that there were metals before that time, ap. 
pears by what is said in holy writ concerning 
Tubal Cain, who ^vrought in brass, &c. and 
was the inventor of organs* > 

What sort of bodies are to be found deeper 
in U)e earth, I mean towards its centre, is un- 
known to us; for we can only make our- 
selves acquainted with the fossils contained in 
its shell, and the vegetables and animals on its 
surface, whose nature and properties akme 
are, indeed, too many, to be discovered by hu- 
man sagacity. 

I 
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OF VEGETABLES OR PLANTS, 

The vegetables or plants growing on the 
earth, may be divided into three classes ; I 
mean those of herbs, shrubs, and trees. 

Herbs are those sorts of vegetables whose 
stalks are soft, and have no wood in them ; as 
parsley, lettuce, violets, pinks, grass, netdes, 
thistles, and an infinite number of others. 

Shrubs are those plants which, though 
woody, never grow into trees, but boW down 
theu' branches near the earth's surface. Such 
are those plants that produce roses, honey- 
suckles, gooseberries, currants, and the like. 

But trees shoot up in o^e great stem or bo- 
dy, and rise to a considerable distance fix>m 
the ground, before they spread their branch- 
es ; as may'be seen by the oak, the beech, 
the elm, the ash, the fir, the walnut-tree, cher- 
ry-tree, &c. From the bodies of trees we 
have our timber for building ; and of the oak- 
tree in particular for ship-building, no timber 
being so tough, strong, and durable, as oak ; 
neither does any tree, perhaps, yield more 
timber. 
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<^ From a fmall acorn fee the oak a rife, 
Supretsely tall, and tow'ringto the akiea ! 
I^een of the groves, her (lately head (he rears. 
Her bulk increaCng by the length of years : 
Now plotighs the fea, a rich, commercial lliip. 
Or in her worab deftruftive thunders ftfcep. 

. The most considerable parts of pbhts are 
tlie root, the stalk, the leaves, the flo\vefs, aitd 
the seed; most of them have these se- 
veral parts, tliough thei'e ore some, indeed, 
that have ho stalk, as the aloe; othets that 
have no leaves, as savine ; and others that 
have no flowers, as feru. But I think tliere 
are none without root or seed. 

What mos!: excites otir wonder with res- 
pe£l to plants (and what, indeed, has been the 
subje6l of much dispute among the learned) 
is their nourishment and propagation.-— 
This, .*ays Master Blossom, I have of- 
ten heard my father discourse upon when I 
have been in the garden with him ; but as 
what he said has escaped my memor>% I 
should be glad. Sir, if you would tell me how 
they receive their nourishment, and how 
their species are propagated. A disquisition 
of this nature, says the little philosopher, 
would take up too much of your time, and 
could not be understood without reciting nuu 
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ny experiments and observations that have 
been made by the learned : I shall therefore 
defer the consideration of it at present. I see 
no reason for that, says Master Wilson ; nor 
to me does there appear any difficulty in the 
afiair. Why, they receive their nourishment 
from the earth, don't they? And you sow the 
seeds of the old plants, and they produce new 
ones. 

You are too apt, Master Wilson, says the 
philosopher, to talk about things you don't un- 
dcrstand. . The earth has not, perhaps,, so 
much to do with the nourishment of plants as 
is generally imagined; for, without vi^ter, 
and particularly rain-water and dew, there 
could be but little increase in vegetables of any 
kind ; and this you may know by the languid 
state of plants in a dry. season, though watered 
ever so often from the river or well. This is 
known also by the small quantity of earth 
which is taken up in the growth of plants ; for 
both Mr. Boyle and Dr. Woodward raised 
several plants in eartli watered with rain or 
spring- water, and even distilled water ; and 
upon weighing the dry earth, both before and 
after the produ6lion of the plants, they have 
found tluit verylitde of it was diminished oj: 
liiken up by tlie plant* Taken up by the plant ! 



Of Vegetables. 97 

ays Lady Caroline, in some surprise ; why, 
you don't imagine there is earth in herbs and' 
trees ?— Indeed I do, Madam, replied the little 
{Philosopher, and have already hinted as much 
in what was said on the four elements, and at 
tiic same time told your Ladyship, if I mis- 
take not, how it might be extrafiled from the 
plant; which was, by burning the plant to 
ashes, and washing off the salts, as your laun- 
dry-nfiaid does when she makes lye ; for when 
those salts are washed. away, the remainder 
will be earth.. v 

If the earth contribotes so little towards the 
produ6lion of plants, says Blyth, the water, I 
apprehend, must be a good deal concerned ; 
and that is evident from the quantity of water 
which most plants require to keep them in a 
state of healA: and vigoiu--^-Your observa- 
tions, ^aystlie philoisopher, deserve some no- 
tice ; but how wiB you account fw the growth ^ 
0f plants in sandy desarts, where it seldom 
rains, and of plants too that contain juices in 
great abudance ? for God Almighty, for the 
preservation (^his creatures, has caused thosei 
wondexful plants to grow in such barren de- 
sarts^ to supply in some measure the want of 
H^tcr ; aiKi some are so coAstrufted as \h 
kold great quantities of water for the use of. 
I 2 
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animak. This is the case of the groiind-pine; 
which, tho* it seems to grdw like a fungus or 
excrescence on the branch of a tree, often con-? 
tains a pint or a quart of sweet water for the 
birds, beasts,^ and even men, to refresh them- 
selves with in the sultry climates where thejr 
abound. But a plant may hold much Avater 
for the subsistence of animals^ and yet not sub- 
sist on, water itself ; an4 that this, is the- case 
experience testifies. Dr. Woodward put a 
plant of spearmint, which weighed 27 grains, 
into a phial of water, where it stock! 77 days, 
and ia that time drank up 2,558 grains of 
sprmg water : and then being taken out; 
weighed 42 grains ; so that the increase was 
only 1 5 grains ;, which is x^xA an hundreth part 
of the water expended.. 
. What the plant can obtmn by the earthy 
water, and otheiwise, for its nourishment; 
is generally supposed to be received by the fi- 
bres of the roots-, and conveyed by the stalk 
or body of the plant up into the branches and 
leaves through small tubes^ and then returned 
by the bark to. the root again ;: so that there is 
a constant circulation, of vital fluids in plants 
as well as m aninmls.. But I am inclined to< 
linnk, that a great part of the nouridiiment of 
l^lants is iiecdved by the pores of the leaves, 
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andskin, or bark, as well as from the root j 
else how happens it that plants are so much 
refreshed by the dew ? 

Plants also require air for then- nourish- 
ment, as well as a circulation of these alimen- 
tery juices ; fiDr they respire as well as animals,* 
and for that respiration require fresh air, and 
even exercise ; since we know that plants 
that a]re alw^s confined in a close room will 
never rise to perfeflion : aftd that they per-i 
^pire as welt as animals is evident, from the 
instance of the mint growing in sjHing-water 
above-mentioned r for, if not a hundreth part 
of the water taken up by that plant became a 
part of the plant itself, all the rest must be per^ 
spired through the pores or litde imperceptible 
holes in the skiaand leaves.^ — Thiscalls to my 
mind, says Lady Caroline, a charge Mr. Set- 
star gave me ;. which was, never to sit in the 
yew-arbor ; for the matter perspired by the 
yew-tree, says he, is noxious, and will make 
you ill; and I believe that was the reason of 
his ordering that old arbor to be demolished^ 

But pray why,, and in what manner do idants 
perspire \ For the same reason, and in the 
same manner,, perhaps,^ that animals do,, re- 
turned Ae philosopher. It is occasioned, pro- 
l>aibly,.byheati for we know they persprie 
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abundantly more in summer than in winter t. 
na>\ when this vegetative principle has been 
long checked by cold^ it breaks out with such 
force when warm weatibier comes on, that it 
is no uncommon thing, in the cold northern 
countries, to see the trees covered with snow 
one week, and with blossoms the next. 

Plants are propagated different ways ; but 
the most general metlaod is by seede Some 
plants, however, are raised by a part of the 
rpot of the old plant set in the ground, as pot- 
atoes ; others, by new roots propagated from- • 
the old oi:ies, as hyacinths and tulips ; others- 
by cutting off branches, and putting them into- 
the ground, which will there take root and' 
grow, as vines ; and others are propagated bjr 
p-afting and budding^ or inoculation,-. 



( 101 ) 

OF ANIMALS. 



We are now to speak of the animals that 
inhabit the earth, which are naturally divided 
into Men and Brutes. 

Of Men, there seem to be four different 
sorts, — ^Nay, don't be frightened. Lady Car- 
oline ! Sir, says she, I should have made 

no objection, had you said four hundred, pro- 
vided you had distinguished them according 
to their different dispositions.-^ — True,. Ma- 
dam, says the philosopher, or according to 
their different features, and then you might 
have said four hundred thousand ; for it is ve- 
jy true, though very wonderful, that out of. 
four hundred thousand feces you will not find 
two exaftly alike ; and but for this miracur 
lous and gracious providence in God, the- 
world would have been all in con- 
fusion. But the division I would willingly 
make of men, Lady Caroline^ is that of white, 
taM^ny, blacky and red ; and these you will al- 
low are, with respefl tp colour, essentially dif- 
ferent, ly^oist of the Europeans, and som^e of 
^Asiatics, are white ^ the Africans on the 
coast of the Mediterranean Sea ar^ tawny i 
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those on the coast of Guinea black ; and the 
OTiginal Americans red, or of a red copper co- 
lour. How they came so, is only known to 
tlieir Maker ; and therefore 1 beg you would 
spare youfselves the trouble of aiding me any 
question on that head. 

Brutes may be divided into four . classes ; 
that is to say, l. Aerial, or such as have 
wings, and fly in the air ; as birds, wasps^ 
flies, &c. 2. Terrestrial, or those which are 
confined to the earth ; as quadrupeds^ or four- 
footed beasts ; reptiles which have many feet ; 
and serpents, which have no feet at allr 3. 
Aquatic, or those that live in tiie water ; as 
fish of all kmds, whether they are covered 
with scales or shells, or are, like the eel, with- 
out either. 4. Amphibious, or those that can 
live for a long time either upon the earth or in 
the water ; as otters, aligatcOT, turtles, &c. I 
say for a long time, because I appreheiKl that 
the use of both these elements-are necessary 
for the subsistence ofthose animals J and that 
though they can live fw a considerable time 
upon land in the open air, or as Icmg in the 
water, excluded in a manner fixMn air, yet 
they would languish and die if confined en- 
tirely either to the one or the other of these 
elements. 
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In this division of animals we are to ob- 
serve, however, that there are seme which 
cannot be considered under either class, be- 
ing, as it were, of a middle nature, and par- 
taking of two kinds : thus, bats seem to be 
partly beasts and partly birds. Some rep- 
tiles, likewise, and some of the water-animals^ 
want one or more of the five senses with 
which others are endowed ; as worms, coc- 
kles, oysters, &c.-r-If I mistake not, says La- 
dy Caroline, I have seen the animals di- 
vided into di&r^t classes in books of natu- 
ral histoiFy, ai^d described under the heads of 
beasts, birds, fi^s, ^"^d in^fts. Very true, 
says the philQS(H^her, but the present method 
suits n\y present purpose, the Ijest, and cai> 
make no ^lec^tioii ii^ the mature of things ; 
however, as I have noVyet Qientiojoed the 
word Znse^Sls, though diey are included in my 
division of animals, it may be necessary for 
me to observe, that they are so called from 
a separation in their bodies, by which tHey 
are seemingly divided into two parts, those 
parts being only joined together by a small 
ligament; as in flies, wasps, &c* Some 
of these insefts undergo different chan- 
ges, and in time become quite different ani- 
mals. There is something so amazing and 
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miraculous in the transformation of insefts, 
that I am lost in refleftion whenever the sub- 
je6l strikes my mind ; and sometimes incli- 
ned to think that other animals may undergo 
some such change. Who, that had not made 
the observation, would think that this grub, 
crawling, or rather sleeping here, would by- 
and-by become a fine butterfly, decked out in 
all the gaudy colours of the rain-bow; or that 
this silkworm should be capable of assuming 
so many different forms ! And is it not alto- 
gether as miraculous, that if some animals are 
cut in pieces, every separate piece or part of 
the original animal will become one entire an- 
imal of itself: Yet that the pdype or polypus 
is endowed with this property, has been de- 
monstrated ; and I have here one that was di- 
vided into several parts some time ago, which 
parts are now become >distinft and perfcft 
polypes, and alive; as you may see by view- 
ing them through this microsoc^. 
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The part marked A, contains the magnify, 
ing glasses. The obje6i: to be examined is 
placed at the stage B, between a hollow and a 
plane glass ; the light is refled^ed upon it by 
the mirror C, To adjust the objefttothe 
glasses, you move the stage B up or down up- 
on the pillar, while you are looking through 
K 
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the glasses at A, till the objects appear the 
most distinft.T-Master Telesc<^e then pla- 
ced one of the polipes m the micitoscope, and 
begged Lady Caroline to loot at it. — ^This is 
really wonderful, says Lady Caroline, for the 
polypus seems now to be 40 or 50 times big- 
ger than it was before. Youil wonder will be 
increased still more. Madam, replied our phi- 
losopher, when I inform you, that it is suk)o- 
sed there are as many animals which can on- 
ly be discovered by the microscope, as those 
M^e can see without it. 

Master Telescope having satisfied the cu- 
riosity of the. yoimg gentlemen by letting 
them see this wonderful instrument, proceed- 
ed in his Lecture. 

But the sagacity and acute senses of some 
of the animals (in which they seem to exceed 
man) are gltogellier as surprising: beavers 
building houses ; bees forming themselves 
into a society and chusing a queen to govern 
them ; birds knowing tlie latitude and longi- 
tude, and sailing over sea, through vast tracts 
of air, from one country to another, without 
the use of any compass ; and other things, 
which are sufficient, I think, to lower the 
pride of man, and make even pliilosophers 
blush at their own ignorance, — ^And now, La- 
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dy Caroline, preiKire to hear a few hard words, 
and I will finish this Lecture. But why mu&t 
it be finished in an unintelligible manner ? 
says the Lady. Because I cannot cfeliver 
what I am going to say, without making use 
of the terms of art ; and those I woukl re- 
commend your Ladyship, andtlte rest of the 
good compaiqr, to learn fixan Walker's Fro- 
fvouiicing and Explanatory Dicttotxary ; ^vhich 
is a work no young reader should omit having 
in his library. 

All anin^s receive their food at tlie 
mouth; and most animals, but especially 
those of the human kind, chew it there till it 
is intimately mixed with the safiva or spittie; 
and thereby prepared £br the easdor and bet* 
ter digesdon of thie stomachs When the sto- 
mach has digested die food, it is thence .con- 
veyed into the guts (pardon* the expression^ 
Ladies, for I cannot avoid it) through which 
it is moved gently by w^hat is called the perist- 
altic motion ; as it passes there, the chyle, 
which is the nutritive part, is separated by 
the lacteal veins, fix)m the excrementitious 
parts, and by them conveyed into the blood, 
with which it circulates, and is concocted in^ 
to blood also; and this circulation is thus 
performed :— The blood being, by the "oma: 
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ccvoa^ brought into the right ventficJe of tK6 
heart, by the contraction of that muscle, is 
forced into the pulmonary artery of the lungs \ 
where the air, which i» continually inspired 
or drawn in by the lungs, mixes with and en- 
livens it i and from thence, the blood being 
conveyed by the pulmonary vein into the left 
ventricle of the heart, the contraction of the 
heart forces it out, and by the arteries distri* 
butes it into all parts of the body; from 
whence it returns by the veins to tlie right ven- 
tricle of the heart, to pursue the same course 
again, in order to communicate life and heat 
to every part of this wonderfid machine, the 
body. But this is not all ; for^ according to 
Anatomists, some part of the blood. In the 
course of its circulation, goes to the head ; 
where a portion of it is separated by the brain, 
and concocted into animal spirits, which arc 
distributed by the nerves, and impart sense 
and motion throughout the body. The in- 
struments of motion, however, are the mus- 
cles; the fibres, or small threads whereof, con- 
tracting themselves, move the different parts 
of the body ; which in some of them is done 
by direction of the mind, and called voluntary 
moticHi ; but, in^others^ tte mind seems not 
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to be concerned, and therefore these motions 
are called iiivoluntary. 

^ This is the progress of animal life ; by 
which you will perceive that a man may, even 
at home,s and within himself, see the Won- 
ders of GOD in the Works of Creation, 

We have now finished our survey of the ^ 
Universe, and considered those great itiasses , 
of matter, the Stars and Planets ; but particii* 
larly our earth and its inhabitants ; all which • 
large bodies are made up of inconceiveable 
small bodies, or atoms : And by the figure, 
texture, bulk, and motion of these insensible 
corpuscles, or infinitely small bodies, all the 
phaenomena of large, bodies may be explained* « 
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LECTURE VI. 

OF THE FIVE SENSES OF MAW, AND OT 
HIS UNDERSTANDING^ 

AT our next meeting there was a great 
deal of good company, who came to hear the 
Boys Philosophy, as they called it ; on which 
account I could observe that Master Teles- 
cope took less psms to be understood by the 
young gentlemen and ladies ; and addressed 
himself more particularly to those of greater 
abilities. 

As the company came in laughing, and at 
fected to talk and behave in a supercilious 
manner (which even some great personages 
do in these our days of refinement), he stood 
silent till Mr* Setstar desired him to open the 
Lecture; upon which he began; but had 
scarcely spoken three words bef(M^ he was 
interrupted by Master Harry : he therefore 
stopped for some time, and then began again ; 
but tlie tongue of the young, gentleman soon 
sUencedhim ; and he stood without speaking 
a considerable time. On this the company 
locked at each other ; and Mr^ Setstar bade 
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fkim go on. My dear, says Mrs, Setstar, how 
cian^ou expect this young gentleman to read a 
Jong Lecture, when you know that Master 
Harry, who loves to hear himself talk, of aM 
things, has not patience to support so much 

taciturnity ? Why, Madam, says the Am- 

bassador of Bantain (who came in with Mr. 
Setstar,) I thought we had all becirassembled 

to hear this Lecture, ^That was indeed the 

intention of oiu* meeting, says the Lady ; but 
I hope you know the polite world better, than 
to expect peoplie should be so oldJashioned 
as to behave on these occasions with any soit 
of good manners op decorum. In my coun^ 
try, says the Ambassador^ all the con>pany 
keep a prafoundsilence at these meetings.— 
It may be so, replied Mrs. Setstar ; but I as- 
sure your excellency, it is not die custom 
Jiere. Why, Sir, I have been often inters 
rupted in the middle of a fine air, at an Orato* 
rio, by a gentleman whisding a hornpipe; 
and j at Concerts of Sacred Music it is no un- 
common thing to hear both gentlemen and la- 
dies laugh louder than the organ. Hush, 

Madam, says Mr. Setstar, if your friends and 
neighbours are fools, you ought not to expose 
^em, and especially to foreigners. Take 
care^ while you condemn this unpolite beha- 
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viour in otjiers, that you do iiot nm into it 
yourself. Politeness is the art of being al- 
ways agreeable in company ; it can therefore 
seldom deal in sarcasm or irottiy ;. because it 
should never do any tiling to abridge the hap- 
piness of others; and you see,: my dear, you 
have made Master Harry uneasy, for he 

blushes. The company laughed at Harryt 

who joined them; and being determined tO' 
hold his tongue, our Philosopher thus pro,^- 
ceeded : 

After the cursory view of nature, whicte^ 
Was concluded in my last Lecture, it may not 
he amiss to exaniine our own faculties, and 
see t^ what means we accpire and treasin'e up ^ 
a knowledge of those things ;: and this is done, , 
I apprehend, by means of die senses, the Off- 
erations of the mind, and the memory; 
which last may be- called die Storehouse of ^ 
die Understanding.. The first time litde mas-^- 
ter is brought to a looking-glass he thinks he^ 
has found a new play-mate^- and calls out,. 
Litde boy ! Litde boy I'&r having never seen* 
his own face before,., it is no wonder that he 
should not know it.\ Herte is the idea^ there- 

forcj of something new acquired iy sight 

Presently the father^ and mother, and mii-se 
come forward to imrtake of the child's diver- 
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sion. Upon seeing these figures in tlie glass 
with whom he is so well acquainted, he im- 
mediately calls out, There, Papa ! there 

Mamma ! there. Nurse ! ^And now the 

mind begins to operate; for feeling his fa- 
therms hand on his own head, and seeing it on 
the little boy's head in the glass, he cries, 
Tliere me ! Now this transaction is lodged in 
tlie memory, which, whenever a looking-glass 
is mentionted, will give back to the mind-this 
idea of its reflecting objects. 

The whole company were pleased with this 
femiliar demonstration ; biit Harry asked 
how he came,' of all things, to make use of a 

looking-glass ? Because, Sir, says he, it is 

an object with which some people are the 
most intimately acquainted^ — -As Harry is 
an egregious fop, this reply produced a loud 
laugh ; and Master Telescope was locked up^ 
on to be a Wit, as well as a Philosopheri 
However, I am inclined to think the expres, 
sioh was accidental, arid not intended to hit 
Master Harry, because I know his good sense 
would not permit him to treat an elder and su* 
perior in that manner. -^--The laugh being 
a little . subsided, our Philosophier thus pro- 
ceeded on bis Lecture i^— ?^: 
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All our ideas, therefore, are obtained eiAer 
by sensation (xr reflection ; that is to say, by 
means of our five senses; as weing, hearings 
smelling, tasting, aod toiiching, or by the op- 
crations (rfthe mkid> 

Before yoii proceed ferther, says Mc.&, 
Twilight, you should, I think, explain to the 
company what is meant by the term Idea,^— 
That, I appretend, is sufficiently explained 
by what was said about the lodkbg-^ass, says 
the Philosopher ; but if you require aiuxther 
definition, you shall have it. By an Idea, 
then, I mean that image orpidburc whichis 
foi-med in the mind, of any thing which we 
have sren, or even heard taft: of; for the mdnd 
is so adroit and ready at this kixuJ of painting, 
that a town, fi)r instance, is no sooner men- 
tioned, but the imagination shapes it into 
form, and presents it to the memorj% None 
of this company, I presume, have ever seen 
Paris ; yet there is not c«ne, perhaps, but has 
formed, or conceived in his mind, some idea 
or picture of that city.^ Not one of us ever 
saw Tippoo Saib's prodigious army and ele- 
phants, yet we have all formed to ourselves a 
picture of their running away from a smali 
party of Englishmen, led against them by the 
courageous CornwalUs, When we read in 
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the news-papers a description of a sea engage- 
ment, orthe taking of Luisbourg, Quebec, or 
any other important fortress, the mind imme- 
diately gives us a picture of the transaction, 
and we see the officers issuing their orders, 
and their intrepid men furling their sails, firing 
guns, scaling the walls, and driving their foes 
before them. To pursue this subject a little 
farther: No man has ever seen a dragon, a> 
griffin, or a fairy; yet every one has formed 
in his mmd a picture-image, or, in other 
words, an idea of these imaginary beings. 
Now when this idea or image is formed in the 
mind from a view of tiie otgect itself, it may 
be called an adequate or real idea ; but when 
it is ccmceived in the mind without seeing the 
object, it is an inadequate or imaginary idea, 

r shall begin my discourse of the Senses 
with that of the Sights says he, because, as 
Mr, Addison observes, the sight is the most 
j^ifect and pleasing of them all. The organ 
of seeing is the eye, which is made up of a 
number of parts^ and so wondetfully contri- 
ved-for- admitting and refracting the rays of 
light, that those which come from the same 
point of fhe object, and fall upon different 
parts of the pupil, axe again brought together 
at the bottom of the eye ; and by that means 
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the M'hole object is painted on a membrane 
called the Retina, which is spread there. 

But hovv is it possible, says Master Harry, 
for you to know that the pbjeft is thus paint* 
ed on the retina ?— ^ — In some measure from 
the structure of the eye, replied the Philoso- 
pher ; but, I think, it is manifest from that 
disorder of tlie eye, which siurgeons call thq 
gutta Serena ; the very complaint which Mr. 
Setstar's butler has in one of his eyes. If you 
examine it, you will ftnd that he ha^ no sight 
withthateye, though it looks as perfect as the 
other, with which he sees well; this«is^ 
therefore, occasioned by some paralytic, or o-. 
ther disorder in thatmembrane, or expansion of 
the optic nerve, which we c?dl the Retina ; 
and proves that all vision arises from thence. 

That which produces in us the sensation 
which we call Seeing^ is light ; for without 
light nothing is visible. Now light may be 
considered eitiber as ittadiates from luminous 
bodies directly to our eyes ; and thus we see 
these luminous bodies themselves ; as the 
Sun, a lighted torch, &c,—'K)r Jis.it 1^ r^fleet- 
ed from other bodies ; and thus we see a flow- 
er, a man. Sec, or a picture reflected from 
them to our eyes by Ae r^ys of light* 
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It is to be observed, that the bodies which 
re^)e6l the light are of three sorts, i. Those 
that emit the rays pf light ; as the suri aijd 
fixed 5tars : 2. Those that^ transmit the rays 
x)f light; as the air : and, 3, Those that re- 
iil^ft them ; as the moon, the ^s^^ iron, -^c. 
-The first.^e call Lmiwnoas, thq second. Pel- 
,lucid, and.the tjjird Opaflue Bodies. It is al- 
^ to be observed, that the rays of light them- 
,selves are never seen ; but by their means wp 
seethe lunainQus bodies, from which they ori- 
ginally came; and the op^ue bodies,' from 
whiah they are reflefted; thus, for instance, 
when the mpon shines, we cannot see tjie rays 
:^ which pass J-pm th^ sun to the nxoon ; but, 
by their mean^, we see the raiQon, fit>m 
.whence thqy. ace rdlefted. 
' Jf tbe,eye be placed jcfedtly in the medium, 
.thrpud^ which th^ i^ys pass to it, the naedi- 
iini^ is opt s^en ; , for we never see the air 
through which the rays come .to our,.qyes. 
,Biat if a pellucid body, through which the ^ys 
^ are to pass, be placed at a distance jfrpm our 
J eye, that body will bQ seen, as well as those 
bodies from whence the rays came that pass 
.thrpiigh it to our ^y<?s. For instance, hie .who 
Jopks thrQugh.a pair, of ^peftacles, not only 
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sees bodies thfx>ugh them, but also sees&e 
glass itself; because &e glass, being a solid 
body, reflefls some rays of light from its suD- 
&qe; and being placed at a convenient dis>- 
tance fix>m the eye, may be seen bythose re- 
flected rays at tlie same time that bodies 
at a greater distance are seen hy the 
transmitted rayi^; and this is the reason, 
perhaps, why obje6|s are seen moretfistkicdy 
through a reflecting than throligh a refracting 



There are two kinds of opaque bodks s 
namely, those that are not specular ; as the 
moon,* the earth, a man, a horse, &c. and 
others that ape speouko^ or mirrors, like 
ttuyseinreflectii^gtelescopes^ whose 4sar&ces, 
being polished, reject the tb^b in <the samt.oi^. 
dor as they came from oth€;r bodies, and siiow 
IIS their images % dsxA rays that are thus re- 
flected from opaque bodies always txing with 
them to the eye the idea of colour, thought 
this colour m bodies Is nothing mo]:e than a 
idispositicm to reflect 4;o the eye one scMt of rays 
more copiously, or in greater 5)lenty than 
another; iot particular rays impress^ upon the 
eye particular colours ; some are red, others 
J>Jiiieryellp3v^ green, &c. Now it is to b^ ob- 
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served, that every bbdy of light whfch comes 
from the Sun; seems to be compounded (rfthose 
tarious sorts-of jmys ;- ami as some of them are 
more refrangible ths^ others^ that is to say^ 
are mope tunied- out of their com-se in- passing, 
from cme mediitfH ta anoUier, it necessarily 
follows that they will be separated' after sucb 
vefractionv and tkeir ccdows appear distinct. 
The most refrangible of these are the violety 
and the least Ae red r^ the intermediate ones, 
in order, are indigo, blue, green, yelloWy 
and orange* 

How do you know, Mr. Philosopher, that 
colours are separated in this nianner ? saya 
Master Harry : Ihavenonotion ofthese doc- 
trines without demonstratiop.^— — That you 
may have, if you please, replied the Philoso- 
pher. Pray, Master Loyelace, hand me that 
Pjdsnw ^ 
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Now, ]Mf aster HlMTy, if you will please tor 
hold this Prism iti th^ beams of the Sun, yott 
will see the colours separated in the manner I 
have mentioned: Please to lck)k:, Lady Caro- 
line i^the separation is very pleksing, and you 
will find what I haVe slud of the rainbow in my 
third Le6ture, confirmed by this ejcperiment. 
• All these rays differ not only in refi-angibiU 
ity, but in reflexibility ; I mean the property 
soifte have of being reflected more easily than 
others; and hence arise all the various co- 
lours of bodies. 

The whiteness of the Sun's light is owing, 
it is supposed, to a mixture of all the original 
colotirs in a diic propwtibn ; and whiteness 
in othef bodies is a disposition torefleft all the 
colours of light nearly in the same proportion 
as they are mixed in the original rays of the 
Sun ; as blac^j^ss, on the ccmtrary, is only a 
disposition^^ absorb or stifle, without reflec- 
tion, most of the rays of 6yery sort that fell on 
those bodies; audit is for that reason, we 
may suppose, that black clothes are warmer 
than those of any other colour. The inhabit 
tants of Naples, though in so hot a clime| 
for the most part wear black. 
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Hearing i« the next most extensive df oMt 
senses, the organ of which is the Ear, whose 
strudure is extremely curious ;. as may be 
seen in the txx>ks of Anatomy.- 

That whichthe ear conveys to the brab 19^ 
called Sound, though-till it reaches and affe£ls 
jjie perceptive part, it is in reality nothing but 
motion r and this motion,, which produces in 
us the perception of sound, is a vibration rf 
the airoccasioned by a very short and quick 
t3!emulous motion of the body from whence / 
it is propagated.- Tliat sound is conveyed in 
this maimer, may be known^ by what is 5b- 
served and felt in tit^ strings of musical in- 
struments, and of bells, which tremble or vi-^ 
brate aa long as we p^ceive any sound come 
from them ; and from this effect which they 
produce in us, they are called sounding bo^ 
dies.- 

Sound is propagated at a great rate ; liut 
not near so fast a§ light.— ^I don't know that, 
says^La^y Caroline.— Then you have for- 
got what passed in our Ledhire upon Air, re- 
plied the Philosopher ; andto confinn by ex- 
periment what I advanced,^ I must beg that 
one of the servMts go to a distance inta the 
park, ^d discharge a gun.— The gmtlemcn 
wo^ averse to this; it being an obseryaticm 
1.% 
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they had made a hundred times ; but to gra- 
tify the young peo|Aey Mr. Setstar wdered hi* 
game-keeper out V and when Ae piece wai 
discharged, they had the satis&ction of seemg- 
the lire long before they heard the report. 

Theefiectisthe siEime, say&ourphilos<H>licr^ 
HI thunder storms, for we perceive the flasH 
of lightning before we hear die thunder ; and 
the moi*e distant die stOTm is front ns, tte^ 
greater is the space of time between the fliasfe 
^ and report. 

Smelling is another sense which seems to» 
be ekcited in us by external bodies, and some- 
times by bodies at a great distance ; but that 
which immediately affects the nose, the organ, 
of smelling, ^aid produces in us the sensation: 
of any smeU, are effluvia, or invisible particles 
that fly frotn those bodies to our olfactory 
nerves.— How do you- prove this, young gen- 
tleman^ says Master Harry .r-^Sir, replied 
the Philosopher, had you been liere yester- 
day, you would not have asked this ques- 
tion; for, as tiie wind was north-east, the 
^effluvia firom those brick-kilns were ready to 
suffocate us r but now the wind is turned to 
the south-west, you observe no such thing, 
because those effluvia are driven a contrary 
way. 



The power which some bodies have d 
emitdfig these e£kivia or steams, without bet- 
ing vfsibljr dmiihished, is to me most ama^ 
zing; yet that it is true we know by abun- 
dant expeiie^ce*^ A single grain of musL 
will scent ^ a thous^Kl rooms^ and send forth 
these txloriferous particles for a great number- 
of years, without being^ spent. Surely these 
particles must be extremely anall ; yet their 
minuteness is nothing w&€«i compared with 
the particles* flight, which pervade and find 
their way through glass^ or to the magnetic 
effluvia, which passes freely through metallic 
bodies; whereas- those efHitvia that produce 
the sensation of smellingy^ notwithstanding 
thdr wonderful property of scenting all places 
intO' which they are teought, and without any 
sensible diminlUion,.'ar& yet too gross to pass 
the membranes of a b&dder ; and many of 
them will scarce find their way through a 
common white paper. 

There aue but few namies to express the in- 
finite number 6f scents that we meet witl>. I 
know of none but those of sweety stinking^ 
rank, musty, "and sour ; for so barren is our 
language in this respect, that the rest are ex- 
pressed either by degs^es of confH>arison^ or 
fix>m epithets borrowed fecra^bodies that pro^ 
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duee scent ; which must, kimany cases, be 
Tery inexpressdve ; for the smell of a rose, of 
a violet,, and of musk,, though all sweet, am 
as'distinct as any scent!s whatever. 

The next sense under our consideration is 
Taste, the organs of which are the tongue and 
the palate, but principally the tongue.^— Ay, 
and a pretty organ it is, says Lady Caroline. — 
When used with, yoia? discretioni replied the 
Philospher; But I must observe to youv an(J 
the rest of the good c^Bpany, that though bo* 
dies which emit light,, sounds, and scents arc 
seen, heard^ and smelt at a< distance, yetna 
bodies can produce taste without being imme- 
.diately appUed to that oi^an ; Hot. though th^ 
meat be placed at your mouthy youloiownot 
what taste it will produce till you have touchy 
ed it with your tongue or palate.. ' 

Though there is^ aa amazing varicity of 
tastes, yet here, as. in scents, we.have but a 
few general names to. express the whole> 
sweet, sour,.bittovluash^ smooth^. and rank> 
are all that lean recollect ^; and our other ideas 
of taste are generally conveyed by bonp wed 
lamilitude&and expres»on&a& those of scentft. 
•^— -It is surprising, says the Ambassador, 
that in this age of gluttony, y&at languid 
shQuld be so barrenas not to afford youvwordfs^ 



and of his Understanding. 125 

to express those ideas which are excited by 
exqtnsite flavours.— Sir, says Mr. Setstai", 
this may be easily accounted for. I must in- 
form you that we are indebted ioc ourmost 
expressive terms to the Poets, ^vho Were nev- 
er much acquainted with good eating ; said 
are^ less so since literature has lost its zest.— — » 
Veiy true, says Master Harry, their dishes^ 
poor creatures, have lately been of the men- 
tal Icind ; but had you a few. rich poets that 
could afford to live like peq[>le of taste, instead 
of yaursweet» and sours, and such old-fashi- 
oned terms, you woiild have the calapash and 
calapee fiavour, tlie live lobster flavour, the 
whipt pig flavour, and a list of others as lony 
as myarm;^rie, Harry, says Mrs. Setstar,* 
no more of that, I - beg ; you know Lady Car- 
oline can't bear the name Of barbarity. —Nor 
I, says the Ambassador; but pray what bar-' 
barity is there in this f-^-Oh \ none at all, re- 
plied Haixyj I only mean tb insinuate that 
some of out greali people are not content wilfe 
having food brought from Ae East and West 
Indies, and every other part of the World, to 
grati%^.tbeir palates,- IsUt they must roast lob- 
sters alive, and whip young pigs to death to 
make them tenden— Good God ! says the 
Ambassador^ are there people in Christendom 
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eapable of such a£ts of inhumaiiily I A manr 
that would do that would murder me, if ther 
law did not stand between us r and the law is 
but a poor screen where humanity is lost said 
conscience lulled ta sleep. FU d{^y to the 
lUng my master for nqr dismisskxi, and nor 
longer Uve with a people wha have adopted 
such diabolical customsr-rr— The Am1)assa' 
dor was sa mfuch in a passion, that it was* 
with difficulty Mr. Setstar pacified him ; and 
poor Lady Caroline, whose kind soul sympa- 
thises with every creatine in cfistress,. was ia 
tears at the bare rehearsal of those a^ ^ era* 
dty. Here Harry apologised to the conpa-. 
ny for having interrupted th^ Leffairer : per- 
haps he never before showed so much good 
sense ; for he certainly deserved severe re- 
prehension for introducing any si:d>jectwhiclr 
disturbed that harmony and attention from 
the hearers which had hithertobeen preserved. 

When silence was rest<»ed^ our Fhiloso- 
plier arose and thus pursued his Lecture :— ^ 

I have already taJcen notice of jEburofour 
senses, and am now come to iJne Mhand last,. 
I mean that of the Touch ; which is a sense 
spread over the whole bo^, tho^ ilr is more: 
particularly the business ef die hands and fin- 
gers; for by them the tant^Ue qualities of bo-. 
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<Jies are known^ since we discover by the 
touch of the fingers, and sometimes indeed-by 
the touch of other parts of the body, whetha- 
tbingsare hard, soft, rough, smooth, wet, dry, 
6cG. But the qualities which most affect this 
fiens^ are heat and cold, and which, indeed, 
are the great engines of Nature ; for by a due 
tempejrameait of those two opposite qualities, 
ii[H>st<>f her produotions aitt ^[HTued* 

What we jcall heat is occasioned t^ the agi- 
-tation of t^ insensible parts of Ae bocfy that 
:|»t)duGemus th;M^ sensation; and when the 
iparts of a body are yiolentiy.agitated,vWe say, 
and indeed we feel, that body ishot ; so that 
;/i&a^ which to our, sensaticmk heat, in die ob- 
ject is nothing but motion. ^-^^Hey-day, says 
Lady Caroline, wliat j^rtof philosofihy is thisi 
:— ^Why, Madam, i^ys Afester Harry, this 
is a position which has ht^en kid down by 
^these i^iry gentlemen for a long time, but 
which never has been proved by experiment. 
>— s-Take cajre, says Mr. Setstar, or you'H 
forfeit ^a^l pretensions to philospp]hy.~The 
forfeiture is made alreacfy, says the philoso- 
pher; Hd^rty has been bold enough. to deny 
that which .experience. every dayxonfinnsfor 
truth. If what we call heat is not /moti<»i, or 
ipiccasionfid by tli^ mption of bodies^ how 
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came Thomson's mill to take fire the other 
day, when it was nmmng round without a 
proper supply of com ? And how came your 
fadier's post-chariot to fire^ while running 
down Break-neck^hill, Master Hfarry I Con- 
sider, there was nphody with a torch under 
the axle-tree ; but this is a part of philosophy 
.known even to the poor Indians^ who, when 
huntmg at a great distmice from home, and 
•wanting fire to dre&s their meat, :take a how 
and a string, andrub two pieces of. wood to- 
gether till they,prediice flaine.-r~-B^tvyou 

- may se^ that heat is :occasioncd,by tbae motion 
of bodies, by only rubbingjthis piec^ of 
smooth brass on the table — stay, J'll . rub it : 
it must be. done briskly. There, now, you'll 
.feel it hot ; But cease this motion for a time, 
and the brass will become .cpklt again; 
whence we may inf^r, that as. heat .is notjung 

. but the insensible particles, of bodies put into 

. motion, so cold, on the ccaitrary, is occasion- 

^ by the cessation of the motion of these 

psoticles^ or theU* being placed in .a state of 

•rest. 

But bodks appear hot or cold m proportion 

- to the temperament of that part of the biunan 
body ta which they are aiqilied ; so. thst 
vvbat^eemsliotto one, maynot seemjao tf^^mr 
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i)ther. This is so true, that the same body, 
felt by the two hands of the same man, may 
at the same instant of time appear warm to 
one hand and cold to the other, if with the 
one hand he has been rubbing any things 
while the other was kept in a state of rest ; 
and for no other reason but because the mo- 
tion of the insensible particles of tliat hand 
with which he has been rubbing, will be more 
brisk than the particles of the other which 
was at rest. 

I have mentioned those objefts which are 
pieculiar to each of our senses ; as light and 
colour to the sight; sound to the hearing; 
odours to the smell, &c. but there are two. 
others common to all the senses, which de- 
serve our notice, and these are Pleasure and 
Pain, which the senses may receive by their 
o\vn peculiar otflefls : for wt know that a 
proper portion of light is pleasing, but that 
too much offends the eye ; some sounds de- 
light, while others are disagreeable, and grate 
the ear ; so heat, in a moderate degree, is ve- 
ry pleasant, yet that heat may be so increased 
as to give the most intolerably |)ain. But 
these things are too well known to be longer 
insisted on* 

M 
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Now, from the ideds or cbnceptions form*- ' 
ed in the ihind by means of our senses, and 
the operations of the mirid'itsetf,. are laid the* 
fbundiatibn of the human understanding^ the' 
l6West degree of which is perception : and td' 
conceive a right notion of this, we must dis- 
tinguish the first objefts of it, whicH are sim- 
ple ideals, such as are repreisehted by ffie words 
^ed, Blue,, Bitter, Swieet, &c. from the other 
olyefls of our senses ; to which we may add 
the internal operations of our own minds, or' 
the objects of reftectic^ ; such as are thiiiking, 
v^illing, &c. foi^ all our ideas are first! obtiaihed 
by sensation and reftectioii. ^fhe mihd, ha- 
ving gained a variiety of siihpie ideas, bjr pat- 
ting them together, forms what are called com- 
pounded or complex ideas ; ^ those si^ified 
by the words, Man, ftorSfe, Maiygdd, 
Windmin,&c* 

The next operation of the niind X^f of the- 
understanding) in' its prc^sis to knoMedge^ 
is that of abstracting its ideas ; for by abstrac- 
tion &ey are made general ; and a general 
idea is to be considered as separated fix)A 
time and place, and lodged in the mind to 
represent any particular thing that is conform- 
able to it. 



JCuQwledge, which is tt(e highest .(Jegree of* 
the speculative facaKies, .co^xsists in thp per- 
cq>tiqn, of the truth of , affirmative or ntgatjiye 
propQsitions ; andthis percejpticwi is either im- 
mediate wnfie^ate. Wlira,bycpngpan 
jkJeas together in tl^e mind,, we perceive their 
agreement or di^greement, as thatWaokii 
not white J ,tliat the whctte is bisBQT tli^ja ^ 
jpart ; and ^that t^o ^d two are QquaJ to /our, 
&c, it 13 palled ImHptediate Perception, .or In- 
rtuitiye Knowlecjge j ^^pd as the truth .<rf djese 
find the like propositions is so evident as to be 
known by a simple intuitk)n of the ideas theip- 
pelves, they ai;e^lso catle^d Sfelf-^dent K-q- 
^positions* 

Mediate perception is when the agreement 
. pr disagreement of two idea^.is made knowti: 
by the intervention of sonie pther ide^« 
Thus : If it be a%med ^hat Tonpr Wil^qn's 
Jb^ horse is as high. as ^y fether!s, the agrc^^ 
^ve^t pr dis^greeixiept m^y be ^cn by apply-^ 
iqg tbe.same n^s^qre to lioth :— -rand this is 
xaUed penMM^tration, or Rj^tipnal Know- 
ledge. The dimensions of any Xwp i)odiea 
which cannot i)^ tbrouj^t ipge^thejr ^may ybe* 
thusknpwn, by th^ s^pe j^eas^^ii;^ ^ 
plied tPtb(SQi,b|OtJ^ 
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But the understanding i& not confined t<> 
certain truth ; it also judges of probability, 
which consists in the likely agreement or dis- 
agreement of ideas; and'the assenting to any 
proposition as probable is called Opinion or 

Belief- We have now finished this course 

of Lectures.— ^ — ^I hope riot! says Liady Caro- 
line with some emotion.— — -Why^ returned 
the philosopher, we have taken a cursory view 
of natural bodies, and theii* cau3es arid efffefts; 
which I have endeavoured to explain in such 
a manner as to be intelligible at least, if not 
entertaining; and pray, what more did you 

expect ? Sir, replied the Lady, I am great- 

jj^ pleased with the account you have given 
us ; and I thank you for the pains you have 
taken to answer the many questions I have 
troubled you with. What I had fiirther, to 
hope was, that you would have giVeri'us> 
when you was on the subject of Animals, 
some strictures on the cruelty with which 
they are too often treated ; and have throwa. 
in reflections and observations tending to en- 
force on mankind a different conduct; This 
I wished for, and should have been glad to 
have had Mr, Thomas and his Lady here at 
the same time ; who are both extremely fond 
of their little domestic creatures ; and I ad- 
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aiifc tfipKpfciiqr tl^ir tenderaess ?ii>cl cpmps©- 
.fliQp.— y^ese fealij^p ajwi sentiments of the 
im^l^Jbe^, ^a^iny :says the philo3qpIier« 
.^iniK3hto^e:^gii^t3rc^ purjps^^ and I 
ft^ «pr/&ftt^ detid^ :fO^ ^<^h behaviour; 
.l)ut I ^in ^Jnud, lively CaroUae^, tli^ti^ye of^en 
miatakc characters of this kind, and take that 
fi>r huo^^ity and tenderness which is only 
the effect of f^cy or ^IfJove. That Mr* 
Tho^nas.has cpiin^assion, I .g^rant ypu ; but I 
ama£raid it is only f<x* h^mseUl He loves 
. his dogs and horses, because his dogs ^d hor-^ 
.scs give him pleasure f but to other creatures 
that afford.hUnnoper l)e is absolutely insenM- 
ble. I haye j^een jbiin, f^vpn j^t .Chri^tRia?, 
feed bis pretty pigjs, as te calls theix^ with 
flelicacies; bwt.raY<£ at the sametin^ijn ^ 
mercikss manner, at poor phildrep who were 
shivering at his gatey and send tibyem away 
empty-handed. Our neighbour, Mr. Wil- 
liams, isalsoofthesanxedisposilioti: he will 
jjot §ell a horse that is dedinjing, for fear Ije 
should fall into the hands of a master who 
.might treat him with cruelty ; but he is large- 
ly concerned in the slave-trade (which I think 
is carried on by none but we good christians,, 
to the dishcMiour of our celestial Master) and 
msikes no difficulty of separating the husband 
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' from the wife, the parents from the children, 
arid all of them from their native country, to 
be sold in a foreign maricet, like so many hcM-- 
scs, and often to the most merciless of the hu- 
man race. I remember him in great distress 
for his pointer PhiUis, who had lost her pup- 
pies ; but the same afternoon I saw him^ 
without the least ccwnpunftion of mind, fcM-ce 
a poor man into the service erf a new master^ 
and tear him from his wife and children, for 
no other crime but because his skin was 
black. Is tlus humanity. Madam I Is Ais 
rnqrality ? But above all, is this Christianity? 
And are these the blessed effefts of the liber- 
:tyweboastGf ? But do not let us be misled^ 
by specious pretences. We cannot judge of 
any man. Madam, by one single a6\;k>n, but 
by the tenor and result of all his a^ons j and 
this requires deep penetration^ and an intimate 
knowledge of human life. 

Benevoknce, Lady Caroline, should be 
universal, for it is an emanation dF the Su- 
preme Being, w^ose mercy and goodness are 
extended to all his creatures, as ours aba 
should be ; for they are fellow-tenants with 
Ais of the globe we inhabit. 

I have often thought that most of the mis^ 
chiefs which embarress society, and renddr 
one contemptible to Mother, are owing to in- 
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ordinate ambition, or extreme love of power 
and wealth ; for aH the gold a man possesses, 
beyond that portion which is requisite for 
himself andiamily, only serves to inflame his 
ambition ; as all the wine we drink, more than 
is necessary to recruit the drooping spirits, 
answers no other purpose but to intoxicate 
• the mind^ 

I have seen a book m my papa^'s library, 
which gives some account of one Lycurgus,. 
an old Grecian lawgiver ; with whose char- 
acter you ought to be acquainted. This man: 
was of (pinion, that religion, virtue, and good 
manners, were the only natural cements and 
preservation of liberty, peace, and friendship ; 
which he found had been destroyed and ex- 
tirpated by means of wealth and self-interest r 
he therefwe prohibited the use of gold and sil- 
ver, and 23\ kinds of luxury in the state, and 
established such a plan for the education of 
youth of every denonnnation, as was most 
likely to confimv and habituate them^ in the 
ppdctice erf religion and virtue, and secure to 
the Spartans and their posterity the blessings, 
of liberty and peace.^ 

The event proved that his institutions were 
founded on sound policy, and a perfect know- 
ledge of human nature ; for in the space of 
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five hundred years^ that is to say, &<Hn th& 
time of Lycur^Eus to the introducticm c^- 
wealUiinto the state by L^sander, m the Feign 
of the first Agis^ there was uomutiay^noi^ 
the people v every man submitted cheerfuJly 
to the laws (^Lycm;suSy said all were sq unitqdl 
and powerful in consequence c^ their yirtue,^ 
sobriety,^ and the martial discii^ine he bad es- 
tablished (which W£is that of a national mi- 
litia) that Sparta^ si very small inconsidecaUe 
state, not only gave laws to the rest of Greece^ 
but noade even the Persian mcmarchs tremblevv 
though masters of the richest and n^iost ex- 
tensive empire in the world. BiM: when tl4& 
great and virtuous people of ISpartg had con- 
.qijered Athens, and from thence introduced 
wealth and luxury into* their own country, 
they lost their virtue^ dwfedled to nothipg^and 
were themselves enslaved* Nor is this a mat- 
ter of wonder ; for where jreligicni and virtue 
are set at a distance, apd wealth le^s the way 
to posts of honour and tri^t, sgme people will 
jstick at nothing to obtain grfd ; but were dig- 
nities qf this kind conferred on the most de- 
serving,, and none but men of virtue syod su- 
perior abilities promoted to places of trust and 
power, there woirid be no frauds in the state, 
.4[^ yiK^enceaoioi^ the people rsmdwe might 
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then hope to eiyoy the felicities of the Golden 
Age. 

Man in that age no rule but reafon knew^ 

And with a native bent did good purfue ; 

Unaw'd by punilhment, and void of fear, 

His words were fimple, and his foul fincerc* 

By no forc'd laws his pafiions were confin'd, 

For Confcience kept his heart, and calm'd his mind ^ 

Peace o'er the world her blcffed fway maintain'd. 

And e'en in defarts fmiling Plenty reign'd. , 

FINIS. 
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